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Introduction

Throughout its history, the Bonneville Power Administration (BPA) has
been successful in responding to political, business, environmental and
technological changes and demands. BPA has eamed regional, national
and international recognition as an innovative leader in technology
breakthroughs and achievements that have saved electricity consumers in
its territory millions of dollars. BPA has contributed greatly to the overall
development of, and incremental improvements to the high-voltage power
system in the Pacific Northwest, energy efficiency programs that support
regional and national goals, non-wire solutions and environmental
technologies.

Technology roadmaps are created to support research and development
(R&D) plans that meet the strategic goals of industries and organizations
with research needs. BPA’'s technology roadmaps are essentially a
snapshot of current perspectives to inform a research agenda that will help
BPA adapt to a new environment in which technology, regulation,
generation resources, customer demands and power flows are changing
dramatically.

The first edition of the Transmission Technology Roadmap was published
in 2006 and identified 20 technologies that addressed business challenges
facing BPA. In 2010, the Transmission Roadmap was revised in the current
format and included ten technology areas in six categories. The 2012
version has two additional categories and sewven new technology area
roadmaps.

The technology roadmaps provide clarity on:

1. Key business challenges (environmental/global, market, policy and
regulatory, and technology innovation) affecting the Federal
Columbia River Power System (FCRPS);

Operational challenges facing BPA organizations that are created by
the identified business challenges;

Technological needs that would help BPA manage the challenges;
Capability Gaps that the needs indicate we may want to acquire;
Technologies that may contribute to those capabilities; and

Gaps in existing R&D programs designed to address identified
technology needs.

N

ook w

Business challenges were initially identified from four documents: BPA’s
Strategic Priorities, Transmission Services Key Agency Targets, the 2006

Transmission Technology Roadmap, and the 2010 Transmission
Technology Roadmap. These were revised and confirmed during the
roadmapping workshops and interviews to key stakeholders. Operational
challenges, technical needs, and required capability corresponding to the
business challenges are enlightened throughout workshop, group meetings
and interview. Subject matter experts outside BPA verified required
capabilities and related technologies.

The Transmission Technology Roadmap specifically addresses challenges
facing BPA’s high voltage transmission system and its interactions with
generation sources and the distribution systems of its customers. The
challenges are grouped in the following major areas:

A. Transmission Planning Operational Challenges
l. Power System Modeling
IIl.  Transmission Operations
lll.  Power Grid Optimization
IV. Transmission Scheduling
V. Workforce Enhancement
B. New Technology Integration Challenges
VI. Changing Generation Resources
VII. Changing Load Characteristics
VIIl. Assets Management & Innovation

The following roadmap document provides definitions of roadmap
components such as layers and their relationships toward research gaps.
The total 17 transmission technology roadmaps are grouped by 8 challenge
areas defined above, and their highlights are provided. Each roadmap
consists of three sections; summary of major challenges and needs,
roadmap illustration including detail contexts and relationships, and short
descriptions of internal and external research projects related to the
challenges.

The objective of BPA's Technology Innovation program is to provide the
impetus to transform R&D into best practice applications. The roadmapping
process identifies critical technologies that have the potential to improve
system reliability, lower rates, advance environmental stewardship and
provide regional accountability.
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Key Challenge Areas

A. Transmission Planning and Operational Challenges

l. Power System Modeling

Development and use of common system models — The system models from power generation through transmission planning to transmission
scheduling and operations are not consistent. Another challenge is due to the Insufficient Power System Models. Current models are insufficient to
simulate power flow scenarios with multiple contingencies that include intermittent and variable generation.

Power system model validation — Model validation is an essential procedure for maintaining system security and reliability. Major changes include BPA'’s
current capability to comply with FERC/NERC/WECC standards/requirements and promote adequate, efficient, and reliable regional transmission in a cost
effective manner.

Il. Transmission Operations

Intelligent alarms — With hundreds of different processes running at once, operators can be hard pushed to keep up with alarms, even under normal
conditions. Without careful management, alarms can be ignored by even the most diligent of operators.

lll. Power Grid Optimization

Power flow controls — BPA desires to increase capacity of the transmission system without extensive capital investment. The ability to explicitly control
power flow and wltage stability is required.

Power system stability controls — As synchrophasors are being deployed to the region, utilization of the data are challenged. Synchrophasors can
leverage wide area and response based controls, and increase reliability and throughput. Protection of load voltage and transformer protection against
GIC are also challenging areas. Human factor — Human performance and system complexity must be evaluated to minimize reliability risks.

IV. Transmission Scheduling

Shorter duration scheduling — Wind generation scheduling becomes a challenge to BPA due to its intermittency and lack of forecasting capability for
scheduling. There are four major challenges in short duration scheduling of transmission scheduling: forecasting transmission flows in near-term, sub-hour
scheduling, integration of ancillary energy markets, difficulty in accommodating variability in demand and supply, and potential formation of region-wide
energy imbalance market.

Outage management — Increased pressure to replace equipment ‘Hot’ (without an outage), and Increased difficulty to take outages on power system
equipment and lines because of insufficient capacity and increasing demand.

BONNEVILLE POWER ADMINISTRATION - TRANSMISSION TECHNOLOGY ROADMAP W 1



= Congestion management — BPA has difficulty in identifying drivers for congestion and determining congestion costs for expansion planning purposes
given the increases in wind generation, changes in system operations (SOL, EIM) and new storage and DR resources.

V. Work Force Enhancement

=  Work-force utilization — Human error in operations of system protection equipments cause transmission system outages. Need to improve work
efficiency and maximize workforce through workforce management system for scheduling and knowledge management.

B. New Technology Integration Challenges

VI. Changing Generation Resources

= Integration of variable resources — As large amounts of variable generation such as wind are added to the energy mix in the Pacific Northwest,
increasing amounts of flexible dispatchable resources are required to integrate them.

= Wind modeling — The current models of transmission system planning do not effectively incorporate impact of wind generations. Improved modeling of
wind resources on the transmission system is needed to provide accurate, real-time information for energy markets, scheduling, reserves management

and woltage support.

= Wind power plant controls — Wind generation facilities should be able to exert effective control capability in response to grid requirements such as
primary speed-power control, primary woltage control, secondary wltage control and reactive power management.

VIl. Changing Load Characteristics
= End use devices — The changing characteristic of end-use devices is a critical business challenge for the BPA transmission system. Grid friendly devices
and better load management tools that enhance the transmission system operation.

VIIl. Asset Management and Innovation

= Equipment replacement and upgrades — BPA’s aging infrastructure requires equipment replacement & upgrade projects which are a large investment
and present BPA several business challenges. New standards (ISC 6180) are driving major changes in equipments. New sensors can provide better
system and equipment performance.

= Extreme event hardening — The agency’s critical transmission assets, services and functions can be disrupted because of extreme events resulting in
regional economic hardship, threats to regional health and safety, and significant restoration costs.
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Proposed Updates for Next Version

Additional Technology Roadmaps

A. Transmission Planning Operational Challenges

Power Grid Optimization
» Risk-Based Planning

B. New Technology Integration Challenges

Asset Management and Innovation
= Assets Protection (Physical and Cyber Security)
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Definitions of the Roadmap Layers

Roadmap BPA Transmission

Technology Area R Oad m ap Tltl e Technology Roadmap

. BC: Business Challenges describe factors, risks, issues, or problems threatening
Business Challenges BPA's Transmission organization’s ability to achieve Transmission Services strategic

(BC) goals. The specific challengesin scope for this Roadmap are those where a technical
solution potentially provides resolution.

OC.: Operational Challenges describe the current or future manifestation of the
Business Challenge and the tangible impact on the ability of Transmission Services core
functions to achieve expected results.

Operational &
Technical Needs
(ND)

ND: Operational and Technical Needs corresponding to a certain operational challenge
describe potential technical instances or symptoms associated with the challenge.

Required RC: Required capabilities, linked to an Operational or Technical Need, describe
rens characteristics, metrics or target features of the technical subjectto resolve the
Capabilities associated challenges. These will provide the quantification needed to develop the gap
(RC) analysis and the measurement ofits closure.

Technologies T: Technologies are specific technical approaches satisfying the technical features
(T) described by the Required Capabilities. The technologies could be currently available,
under development, or a new technical approach requiring research programs.

R&D Programs RD: R&D Programs are collections of R&D projects related to a specific technology.
(RD) The R&D program may include current R&D projects or new R&D projects that should
be initiated.

. ) Operational & Technical Required - ) Existing Non-Existing
Business Challenge Operational Challenge - Need - Capability Technologies R&D Programs R&D Programs (Gaps)
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|. Power System Modeling
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Development and Use of Common System Models Roadmap

Business and Technology Challenges

A critical challenge for BPA’s transmission modeling systems is the inconsistency of system models from power generation through transmission
planning to transmission scheduling and operations. Currently, power system analyses use multiple models and data bases that are not integrated.
A common architecture is needed that can communicate across planning, design and operation to perform power system modeling that increases
transmission capacity and control of power flow. It should include improved and expanded base case power flow capabilities with automation tools
that move from snap shots to real time. It should include accurate, quality WECC base case data with proper labels.

This impacts several areas creating the following operational challenges:

= |dentifying New System Constraints Following Dispatch Changes
- Current models do not identify new system constraints following dispatch changes. They do not indicate which plants to turn off and
which plants must stay on to provide ancillary services.
- Planning studies with perfect foresight may not match actual results when there is forecast error.
- We have difficulty in quantifying the risk of increased reliance on RAS, and redispatch.
- Models may be too optimized for one set of assumptions precluding their use for broader applications.
- Wedon't have good planning models for all possible operating conditions. Currently, focus is on winter peak and summer peak.
= Forecasting Congestion
- Difficulty in forecasting congestion and congestion costs for expansion planning purposes
- Given ramp up in wind changes in system operations (Operational Transfer Capacity, Energy Imbalance Market) new storage and
Demand Response resources
= Model Consistency: Need more consistency of assumptions between planning & operations or more awareness of inconsistency. Planning
studies do not have perfect ‘Foresight'.

Another business challenge is coming from a fact that current models do not simulate power flow scenarios with multiple contingencies that include
intermittent and variable generation. This causes following operational challenges.

»= Analysis / Data Availability: Real-time interoperable monitoring and measuring hardware integrated with interoperable software is needed to
translate and convert the data collected into meaningful information to support operating decisions and to get increasingly complex issues
resolved faster.

= Adapting to a Changing Power System: Effective integration of new generation and changing load patterns requires changes to scenario
planning that accommodates a variety of resources such as renewable and distributed energy, demand response and non-wire solutions.

BONNEVILLE POWER ADMINISTRATION - TRANSMISSION TECHNOLOGY ROADMAP W 7



Exploration and prototyping is needed for new automatic control schemes that complement and enhance the control capabilities of human
operators.

The operational and technical needs to respond to those challenges include:

Increase Planning Scenarios: Need new system planning tools to develop a better planning system for more broad (encompassing) data.
Better State Estimator Models: Need better state estimator models. Validate Wind Models

Baseline Understanding of the System (Power System Performance)

Need for baseline performance values for an evolving system with a diversity of generation including: Oscillation baseline; Frequency
response baseline; and Phase angle baseline

Reliable source for topology/impedance model realizing elements such as load and generation models

The required capabilities to satisfy the needs are:

Power Plant Model Validation: Need baseline performance for changing generation, based on RT SE topology/impedances. Better accuracy
of breakers/bus and PMUs for load and generation parameter ID.

Scenario Analysis: BPA needs to run a wide range of study scenarios and process the results in a useful amount of time.

Common System Model: BPA needs common model data structures & parameters with tools to maintain the database and change the
management process. The database will essentially be comprised of three key components; operational breaker/node model database;
planned future system additions; and dynamic database. The model will have an interface with the EMS SCADA database for real time
measurements with an integrated network application environment that includes a closed loop update.
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R&D Gaps

Business and Technological Challenges which are not addressed by existing R&D programs:
1. Forecasting Congestion
2. Modeling HILF (high impact low frequency), geomagnetic disturbance / geomagnetically induced currency (GMD/GIC)
3. Transformer models to evaluate the Impact of GIC for the generation of harmonics increased VAR consumption and thermal stress on
transformers

Business and Technological Challenges which are covered partially by existing R&D programs but still require further research and development:
1. Model Consistency
2. Analysis / Data Availability
3. Adapting to a Changing Power System
= There are a number of Locational Marginal Pricing (LMP) methodologies currently practiced by all the Independent System Operators
(ISO), Regional Transmission Organizations (RTO) and Energy Imbalance Market (EIM) operators. What is different between the current
practices/methodologies for LMP and those for existing R&D projects?

Business and Technological Challenges which are covered by commercialized technologies and products, however demonstration or confirmation
studies may be required.
1. Insufficiency of power system models: Current BPA models do not sufficiently simulate power flow scenarios with multiple contingencies that
include intermittent and variable generation.
= Almost all Energy Management Software (EMS) vendors already have state estimators that can do the above. The need is to verify if

they are sufficient for BPA purposes.
2. Need to identify new system constraints following dispatch changes.

BONNEVILLE POWER ADMINISTRATION - TRANSMISSION TECHNOLOGY ROADMAP W 9



I-1. Development and Use of Common System Models s
TEChﬂOk)gy Roadmap Technology Roadmap

I. Power System Modeling

2012 — 2015

BC1 Consistent System Models from Planning through Operations

Planning and Operations rely on power system analyses requiring increased use of modeling that currently uses multiple models and data bases. A lack of an integrated database structure where real time information can be stored and
retrieved makes it difficult for the systems engineer to validate study results. We have a fragmented model system due to history. We now have an opportunity to increase productivity, reduce inconsistency, and enhance timelinessand
accuracy because of advances in agorithms, computing horsepower, data fidelity and resolution (due to syncrophasors) etc.

BPA stores real time data now in SHIP and PI. The labels don’t match WECC base cases.

Business
Cha”enges BC2 The Evolving Power System

(B C) Currentmodels are insufficient to comprehend the power system as itincorporates new types of variable generation and load.

OCl1 Identifying New System Constraints Following Dispatch Changes
BPA has difficulty in identifying new system constraints following dis patch changes. W hich plants will turn off, - which plants have to stay on for ancillary services (balancing, voltage support, etc.) Planning studies
with perfect foresight may not match actual results when there is forecast error. We have difficulty in quantifying the risk of increased reliance on RAS, and redispatch. Models may be too optimized for one set of
assumptions precluding their use for broader applications. We don'thave good planning models for all possible operating conditions. Currently, focus is on winter peak and summer peak.

.

A
OC2 Forecasting Congestion

Difficulty forecasting congestion and congestion costs: 1) for expansion planning purposes, 2) Given ramp up in wind changes in system operations (Operational
Transfer Capacity, Energy Imbalance Market) new storage and Demand Response resources,

OC3 Model Consistency

Need more consistency of assumptions between planning & operations. Or more

awareness of inconsistency. Planning studies do not have perfect ‘Foresight’. (S)
| |

t :
OC4 Analysis / Data Avail ability: Tools, modeling, and speed personnel. Need to get more complex issues resolved faster.

| |
OCS5 Identify Problems in the operating system: New ways of operating the system; new patterns of operation mean new problems we don’t know about. (S)

Operational & ! | 1 1

o ND1 Increase Planning Scenarios
TeC h nic al N eedS Need new system planning tools to develop a better planning system for more broad (encompassing) data.

(ND)

| ND2 Better State Estimator Models: Need better state estimator models. Validate Wind Models (TIP 52) |

ND4Reliable source for
topology/impedance model. Realize
elements (load and generation
models)

ND3 Baseline Understanding of the System (Power System Performance)
Need for baseline performance values for an evolving system with a diversity of generation including: Oscillation baseline;
Frequency response baseline; and Phase angle baseline

R T R L P T PP LR TR T er N N N NN R A N N R N NN N N N R RN N A N N N N N R N RN RN NN AN R EEEEEiEEEEiE ISR EEEEEiEEE

Required
Capabilities
(RC)

RC1 Power Plant Model Validation
Need baseline performance for changing generation, based on RT SE topology/impedances. Better accuracy of breakers/bus and PMUs for load and generation parameter ID.
—

RC2 Scenario Analysis
BPA needs to run a wide range of study scenarios and process the results in a useful amount of time.

A

RC3 Common System Model Needs
BPA needs common model & parameters and tools to maintain database and change management process. The database will essentially be com prised of three key com ponents; Operational
breaker/node model database, Planned future system additions, dynamic database. The model will have an interface with the EMS SCADA database for real time measurements with an integrated

Tec h no |o g | es network application environment that includes a closed loop update.

T1 Consistent Assumptions
PBA Power Policy Analysis group is working on consistent assumptions for various models & robust state estimator.

T3 Modeling Tools
Model exchange, base case building automation, power flow solution techniques, data validation and quality checking.

T2 Model Accuracy
Theaccuracy of the existing WSM models at the WECC RC, BPA State Estimator and SCADA system need to be tested.

. : BPA TIP 250 Control room and advanced PMU EPRI: IntelliGrid - Program 161 - P161.003 Common Information Model = :
BPA TIP 46 Operations r??al_l t8|me study || visualizations using PowerWorld retriever (TIP- | | and Information Integration for Transmission Applications (2011) PEIERC: QuEmIiityling EEMEIE @if DEmen Respomse e Laslke
R&D Prog rams [EUOUESS M [iEVETEL (NG 8) ahead Dispatch in Support of Variable Resources (M-26)
PSERC: The Smart Grid Needs: Model and Data
BPA TIP 251: Implementation of a full-topology, three- BPA TIP 240: SHORT TERM FCRPS Interoperability and Unified Generalized State Estimator (S- PSERC: The Development and Application of a PSERC: Seamless Power System s - -
phase, robust, and generalized state estimator (TIP-7) MODELING DEVELOPMENT 39) Distribution Class LMP Index (M-25) Analytics (S-46G) PSERC: Next Generation On-Line
— Dynamic Security Assessment (S-

BPA TIP 25C - Geomagnetic Disturbance BPA TIP 290 - Modeling high impact low frequency geom agnetic
disturbances using magnetic field data from solar-orbiting spacecraft

(TRL-6)

BPA TIP 264 - Modeling Geomagnetically Induced BPA TIP 279 - Implementation of a Full-Top ology, 38)
Current for Evaluation and Mitigation (T RL-8) Robust, and Generalized State Estimator (TRL-7)
Non-Existing R&D Programs
(Gaps)

Operational Challenge - Operational & Technical Need - Required Capability - Technologies - Existing R&D Programs
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Related Internal and External Projects

BPA Challenge Lead Re.se"?‘mh BPA . Project Title & Project Description
Organization Sponsoring
The Smart Grid Needs: Model and Data Interoperability and Unified Generalized State Estimator (S-39)
Inconsistent System Future Smart Grid applications such as Unified Generalized State Estimation, Intelligent Alarm Processing, and
Models from Planning Optimized Fault Location, can benefit from the smart grid integration across data and models butthe problem of
through Operations, . data and model interoperabilityhinders the implementation. As an example, two difficult and interrelated problems
PSERC PL: . N - . ; -
Models may be too . in state estimation, abilityto detect topology errors, and implementation complexity due to the two-model
L Mladen Kezunovic . . . . . o
optimized for one set (Texas A&M NO (node/breaker and bus/branch) architecture, will be much easierto solve if data and model interoperabilityare
of assumptions ; : resolved. This projectwill identify the interoperabilityissues and will illustrate novel ways of their resolution in the
; - University) : . P e
precluding their use future sothat both legacy solutions, as well as future smart grid applications can utilize the same dataand models
for broader but use them in a manner consistentwith the application requirements and aims.
applications
REVIEW: A number of collaborative efforts for model interoperability testing has been done at EPRI level.
IntelliGrid - Program 161 - P161.003 Common Information Model and Information Integration for
Inconsistent Svstem Transmission Applications (2011)
consistent syste Robustand highlyintegrated communications and distributed com puting infrastructures will be needed to create a
Models from Planning ! . . . .
X smartgrid. These infrastructures need to be interoperable across vendor equipment and throughoutthe enterprise.
through Operations, hieving th level of i i . h | . . £ 2 fahtl
Models may be too Achieving t_ e necessarylevel of interoperabi |tyreqU|rest edeve opmt_entand industryadoption o a_ug tly _
ontimized for one set EPRI NO coupled suite of standards. The Common Information Model (CIM) provides a common language for integrating
pof assumptions applications across the enterprise and is a foundation standard for smartgrids. IEC 61850, Distributed Network
>um pic Protocol (DNP), and the Internet Protocol (IP) also are key standards. Significantwork has been done on these
precluding their use . /
standards, buta substantial amount of work is needed.
for broader hi ectdevel : d for ad d _ . h .
applications This project evelops requirementsand use cases foradvanced transmission operatlons._T eserequirements
serve as the basis fordataand device models for emerging standards as well as for contributions to standards
activities within key industry organizations such as IEC, IEEE, NIST and others.
Requires changes to Quantifying Benefits of Demand Response and Look-ahead Dispatch in Support of Variable Resources (M-
scenario planning that 26)
accommodates a . The objective of this projectis to conducta first-of-its-kind em pirical study on the benefits of combining look-ahead
; PSERC PL: L . - - . . : )
variety of resources dynamic dispatch with price responsive demands for integration of variable energy resources. Based on substation
Le Xe . e - . . .
such as renewable NO level demand response data and site-s pecific wind generation data from ERCOT, this project will develop
. (Texas A&M . ) . S : .
and distributed University) algorithms and a case studyto quantify (1) the price elasticityof demand for typical users, and (2) the economic

energy, demand
response and non-
wire solutions

benefitof look-ahead dispatch with price responsive loads. To our knowledge, this is the first study to estimate
demand response atthe customer level for a U.S. regional system operator. Moreover, we will combine the look-
ahead dispatch with the price responsive demand to quantify the system-wide benefits.
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BPA Challenge Lead Rgsegrch BPA . Project Title & Project Description
Organization Sponsoring
1. Existing Commercial Solutions
CIM, proposed in the late 90's
- A formal method to define power system data using formal database models.
- EMS vendors have created converters to the CIM model from their proprietarymodels, butlitte development of
CIM-native applications have occurred in the industry
- CIM has been only partiallyadopted. There are ongoing users groups for CIM interoperabilityand development.
. - Interoperabilityis currently limited to various vendors solving small power flow cases
Inconsistent System . - . . . .
. - A problem with CIM is that is very verbose, and the equivalentof planning cases requires Ghytes
Models from Planning . . .
X - Asecond problem is thatis defined at the abstractlevel.
through Operations. .
Current models are EPRI 2. Ongoing R_esear_ch . - .
. . : CIM, EPRI is investigating the possibilityto propose a canonical dataformat such as CIM. However, changes are
insufficientto simulate needed to:
power flow scenarios NO i o .
. A L Resolve the issue of large size of power flow cases
with multiple [Satisfies the ; . . . . .
. - - CIM is an abstractmodel as opposed to a physical model. It is not suited for compliance because its
contingencies that challenge 50% . S
; : : implementation is leftto the developer.
include intermittent
and variable 3. Research Ne_eds . . . . .
eneration A common, flexible data format for power systems is needed in the industry. CIM could be a good starting point,
9 ' but clear model adoption roadmap, compliance mechanisms,and a vast array of applications supported mustbe
setupfront. Organizational and cooperation mechanisms mustbe in place so adoption of the model does nottake
decades.
REVIEW: CIM supposes to be acommon formatand power system models can be exchanged at ease, but
non of the EMS vendor CIM versions can be exchanged at this point, regardless of relentless industry
efforts. This is questionable in terms of practicality!
Next Generation On-Line Dynamic Security Assessment (S-38)
This projectaddresses five elemental as pects of analysis for the enhanced performance of on-line dynamic
security assessment. These five elemental componentsincludes;a) A systematic process to determine the right-
Analysis and data . sized dynamic equivalentfor the phenomenon to be analyzed, b) Employing risk based analysis to select multi-
availability, Adaptin PSERC PL. elementcontingencies, c) Increased processing efficiencyin decision-tree training, d) Using efficient trajector
Y. ping Vijay Vittal Arizona NO g ! P 9 y 9 9 ! y

to a changing power
system

(State University)

sensitivitymethods to evaluate stabilityfor changing system conditions, and e) Efficient determination of the
appropriate level of preventive and/or corrective control action to steer the system away from the boundary of
insecurity.

REVIEW: This project is on its own merit and not related to the Common Power System Model.
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BPA Challenge

Lead Research
Organization

BPA
Sponsoring

Project Title & Project Description

Requires changes to
scenario planning that
accommodates a
variety of resources
such as renewable
and distributed
energy, demand
response and non-
wire solutions

PSERC PL:
Gerald T. Heydt
(Arizona State
University)

NO

The Development and Application of a Distribution Class LMP Index (M-25)

This projectfocuses on the developmentand application of a distribution engineering analog of Locational
Marginal Prices (LMPs). It is proposed to develop and apply a distribution LMP (D-LMP), which is used for energy
and power flow managementin networked distribution systems as well as pricing. The D-LMP will be designed to
encourage the implementation of renewable resourcesin distribution systems in a costeffective way. The D-LMP
signal may be used for control strategies such as managementof distributed energystorage operation.

Inconsistent System
Models from Planning
through Operations,
Models may be too
optimized for one set
of assumptions
precluding their use
for broader
applications

PSERC PL:
James McCalley
(lowa State
University)

NO

Seamless Power System Analytics (S-46G)

The current approach to power system analysis has developed over the last3-4 decades in a piecemeal approach
where the various applications run separatelyusing their own system models and formats. Although thes e tools
have improved, the programs are still builtupon core technologyand software architectures from decades ago,
each developed for its own unique purpose ratherthan an integrated approach that builds upon state-of-the-art
algorithms, hardware, and modern daymethods for datamanagementacross ashared environment. These
limitations need to be overcome by modern analytical tools that can supportmodernization of the electricity
industry. This projectwill identify design requirements to transition to a new systems analysis platform that
encapsulates a com prehensive power system model with seamless analytics. Design requirements are organized
as: (a) types of organizations and analysis needs of each; (b) com puting applications as sociated with each
analysis need; (c) basic functions com prising each com puting application; (d) algorithm/hardware combinations
associated with each function; (e) software architecture designs to facilitate seamless and com putationally efficient
power system analysis.

REVIEW: Too general and broad base. Need to be more specific to power system applications, software
and database.

Inconsistent System
Models from Planning
through Operations,
Models may be too
optimized for one set
of assumptions
precluding their use
for broader
applications

PSERC PL:
Mladen Kezunovic
(Texas AGM
University)

NO

The Smart Grid Needs: Model and Data Interoperability and Unified Generalized State Estimator (S-39)
Future Smart Grid applications such as Unified Generalized State Estimation, Intelligent Alarm Processing, and
Optimized Fault Location, can benefit from the smart grid integration across data and models butthe problem of
data and model interoperabilityhinders the implementation. As an example, two difficult and interrelated problems
in state estimation, abilityto detect topology errors, and im plem entation complexity due to the two-model
(node/breaker and bus/branch) architecture, will be much easierto solve if data and model interoperabilityare
resolved. This projectwill identify the interoperabilityissues and will illustrate novel ways of their resolution in the
future so that both legacy solutions, as well as future smart grid applications can utilize the same dataand models
but use them in a manner consistentwith the application requirements and aims.
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BPA Challenge Lead Rgsegrch BPA . Project Title & Project Description
Organization Sponsoring
IntelliGrid - Program 161 - P161.003 Common Information Model and Information Integration for
Inconsistent Svstem Transmission Applications (2011)
yste Robustand highlyintegrated com munications and distributed com puting infrastructures will be needed to create a
Models from Planning : . . h i
X smartgrid. These infrastructures need to be interoperable across vendor equipment and throughoutthe enterprise.
through Operations, s . - - . . .
Models may be too Achieving tlje necessarylevel of mteroperabllltyreqwres the developmt_entand industryadoption of a tig htly _
ontimized for one set EPRI NO coupled suite of standards. The Common Information Model (CIM) provides a common language for integrating
pof assumptions applications across the enterprise and is a foundation standard forsmartgrids. IEC 61850, Distributed Network
>UM pUio Protocol (DNP), and the Internet Protocol (IP) also are key standards. Significantwork has been done on these
precluding their use . /
standards, buta substantial amountof work is needed.
for broader hi - : o . .
applications This prolectdeve_lops requirements and use cases for ad_vanced transmission operatlons._The_se requirements
serve as the basis fordataand device models for emerging standards as well as for contributions to standards
activities within key industry organizations such as IEC, IEEE, NIST and others.
Requires changes to Quantifying Benefits of Demand Response and Look-ahead Dispatch in Support of Variable Resources (M-
scenario planning that 26)
accommodates a The objective of this projectis to conducta first-of-its-kind em pirical study on the benefits of combining look-ahead
; PSERC L . - - . . : )
variety of resources ) . dynamic dispatch with price res ponsive demands for integration of variable energy resources. Based on substation
PL: Le Xie ; O : ) ; X
such as renewable NO level demand response data and site-s pecific wind generation data from ERCOT, this project will develop
- (Texas A&M . . . - g .
and distributed University) algorithms and a case studyto quantify (1) the price elasticityof demand for typical users, and (2) the economic
energy, demand y benefitof look-ahead dispatch with price responsive loads. To our knowledge, this is the first study to estimate
response and non- demand response atthe customer level for a U.S. regional system operator. Moreover, we will combine the look-
wire solutions ahead dispatchwith the price responsive demand to quantify the system-wide benefits..
Inconsistent System 1. Ongoing Research
yste Ongoing research on the unified data model and framework with applications to generalized state estimation.
Models from Planning . oo . o ; h -
X . . - Further testing of performance of the unified framework for various applications including operations and
through Operations. Georgia Institute of ; S : .
planning com patibilityat the N-k contingencyanalysis level
Current models are Technology
. o . ) - 2. Research Needs
insufficientto simulate PL: Dr. Santiago . P o . .
. » - Industry-wide utilization of the unified operations and planning framework
power flow scenarios Grijalva NO

with multiple
contingencies that
include intermittent

and variable

generation.

[Satisfies the
challenge 30%

.- Methods to testinteroperabilityof unified models

- Utility/ISO planning directlywith node-breakers models

- Implications of potential abandonment of bus/branch models

- Widespread creation of WECC or Eastern Interconnection models atthe node-breaker level

REVIEW: Others EPRI, WECC WSM, PowerWorld, etc. have done what statedin the proposal.
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BPA Challenge Lead Rgsegrch BPA . Project Title & Project Description
Organization Sponsoring
BPA EXP 16 Development of a Common Power System Model and Database
- Increasing reliance on power system analyses for the operation and planning of the power system has led to
Insufficient Power - - " . . . ) .
System Models - modellng belng_elevated to a critical function for both planning and operations. Models are suppo_rtln_g avariety of
. enterprise functions, and better model exchanges are needed. Today, the need for model consolidation and
Current models are BPA PL: s , . . ; . . o
; gy : . sharingis on everyone’s mind. The necessityfor: better operating tools, increased transfer capability, accurate
insufficientto simulate Thong Trinh - A - O ;
. real-time load forecasts, validation of power system dynamics, and smart grid will all carry this trend further.
power flow scenarios . ; . .
. A L YES This projectproposes the developmentofa centralized database thatincludes closed loop update and
with multiple [Satisfies the : ) L . . :
. . maintenance processes, and integrated network applications. The database will essentiallybe comprised of three
contingencies that challenge 80- . : i L ) .
: - . key components: Operational breaker/node model; Planned future system additions; Dynamic database. The
include intermittent 100%] Lwill h nterf ith P i ithani
and variable model will have an interface with the EMS SCADA database for real time measurements with an integrated
. network application environmentwith closed loop.
generation
REVIEW: This is a practical approach that deals with real practical needs.
Inconsistent System 1. Existing Commercial Solutions
Models from Planning Siemens has created a product capable of mapping models between their EMS system and their PSSE models.
through Operations. Effectively the model is a case converter from the EMS to centralized database to PSSE. However, because
Currentmodels are fundamentallythe planning cases loses information ofthe switching devices, itis not possible to "go bacK" from
insufficientto simulate the planning model to the operations model. System has been deployed successfullyat various control centers,
power flow scenarios Siemens NO ERCTO, etc.
with multiple
contingencies that REVIEW: Frst sentenceis not entirely truth. MOD (Model On Demand) still not capable of completely
include intermittent doing as stated. This is to solely benefit Siemen PSSE product.
and variable
generation.
Inconsistent System 1. Ongoing Research
Models from Planning Ongoing research on data model com patibilitybetween fault detection and operational models
through Operations. .
Currentmodels are Texas AGM PL:
. . : Mladen Kezunovic
insufficientto simulate
power flow scenarios NO

with multiple
contingencies that
include intermittent

and variable

generation.

[Satisfies the
challenge 5%]
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BPA Challenge Lead Rgsegrch BPA . Project Title & Project Description
Organization Sponsoring
Modeling HILF (high TIP 25C - Geomagnetic Disturbance
impact low The initial objective will be to determine the state of knowledge of GMD. This will include areview of the available
frequency), literature and interviews of industry experts to collectand validate industry data on the probabilityof extreme
geomagnetic YES events and the extent to which storms can reasonablybe anticipated. System models will be developed of
disturbance / EPRI representative regions of the North American grid in cooperation with North American Electric Reliability
geomagnetically Corporation (NERC) staff. The models are designed to determine how the system and equipmentres pond to
induced currency various storm scenarios or to evaluate candidate mitigation technologies. All results will be analyzed by a technical
(GMD/GIC) team comprised of NERC, utility, and EPRI staff.
TIP 290 - Modeling high impact low frequency geomagnetic disturbances using magnetic field data from
solar-orbiting spacecraft
Although various governmentagencies (e.g. NOAA) provide short-term (hours to days) forecasts of space weather
. . that can be used for more immediate management of power transmission, there is a need for longer-term space
Modeling HILF (high . . . . . .
i climate forecasts that can inform management and planning processes over an extended time horizon. The aim of
impact low ; S . . . L
frequency) this projectis to develop a method to forecastand predict extreme solar events at long time horizons. This in turn
q Y): , . . will allow for the prediction of potentially harmful geomagnetic disturbances.
geomagnetic Queen's University YES

disturbance /
geomagnetically
induced currency
(GMD/GIC)

at Kingston

Deliverables:

= Supporting datafrom Ulysses and ACE satellites, solar flare data and geom agnetic data.

= Forecastof flare probabilities as farinto the future as reliable forecasts can be made (to be determined);
guantification of forecastreliability.

= Description ofthe techniques used for analysis, including software to perform the analysis.

= Final report including potential follow-on projects.

= Copies of manuscripts submitted for publication in refereed journals.
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BPA Challenge Lead Rgsegrch BPA . Project Title & Project Description
Organization Sponsoring
TIP 264 - Modeling Geomagnetically Induced Current for Evaluation and Mitigation
PowerWorld has developed an innovative tool for analyzing the potential im pactof geomagnetic disturbances
(GMD), using our familiar power flow and transient stabilityplatforms. PowerWorld Simulator GIC may be the
. mostaccessible toolin the world for power system planning and operations engineersto readily assess GMD risk
Inconsistent System .
: posed totheir systems.
Models from Planning . . - .
. Power systems are wilnerable totime and spatial variations in dc ground voltages caused by GMD.
through Operations. . . R
Geomagneticallyinduced currents (GICs) flow through circuits formed by the earth, a grounded transformer, a
Current models are . S S
. . : high-voltage transmission line, and another grounded transformer at the far end of the transmissionline.
insufficientto simulate
power flow scenarios PowerWorld YES Deli les:
with multiple € |vera_b es: . . .
. - = The first deliverable will be a completed GIC study of the BPA system. A report will be written on the GIC
contingencies that . R :
: - . impactand mitigation strategies for BPA.
include intermittent - . . . . .
i = The next deliverable will be software that incorporates the developmentofalgorithms to determine optimal
and variable o . o . >
eneration mitigation strategies. This will become part of the standard GIC tool in PowerWorld Simulator.
9 ' = The next deliverable will be a report on the testing and validation of GIC parameters for BPA's system. The
results of thes e results will be integrated into the GIC study report.
= The final deliverable will be im proved visualization of GIC flows in PowerWorld Simulator, which will become
part of the standard visualization toolkit for the GIC tools in Simulator.
TIP 279 - Implementation of a Full-Topology, Robust, and Generalized State Estimator
The goal of this projectis to create a state estimator which overcomes this limitation by meeting two major
objectives as follows: 1. Must include integrated topology error detection, 2. Must operate on a single power
system model representing the full-topology
Better State Estimator Deliverables:
PowerWorld YES = A PowerWorld Simulator/Retriever version that includes an orthogonal factorization builton QR factorizations

Models

using givens rotations

= A PowerWorld Simulator/Retriever version that includes expanded state estimation algorithms to utilize full-
topology Models

= A PowerWorld Simulator/Retriever version that includes full implementation of topology error detectionin the
full-topology framework

= Afinal reportdetailing the completed tasks and the updated software
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Power System Model Validation Roadmap

Business and Technology Challenges

Model validation is an essential procedure for maintaining system security and reliability. The procedure may be viewed as a “top-down” approach
to model verification; comparisons with measured data indicate the quality of the overall model.

Business challenges presented below illustrate the importance of system model validation.
= Compliance with FERC/NERC/WECC standards and initiatives
= Ability to promote adequate, efficient, and reliable regional transmission in a cost effective manner
= Long-term value of transmission assets
= Smart Grid distribution linkage, what is the link between bulk transmission system and the evolving distribution of the Smart Grid system

Operational and technical challenges consist of:

Improving the quality of power system models especially wind power plant models

Inadequate technical expertise of generation owners’ to conduct reliable model validation testing
BPA's abilities to comply NERC Standards (MOD 24 -27, PRC 19-24)

Ability to continuously monitor generation plants against performance benchmarks

New NERC operations requirements

State Estimators based on insufficient power flow models
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R&D Gaps

Business and Technological Challenges which are not addressed by existing R&D programs:
= None

Business and Technological Challenges which are covered partially by existing R&D programs but still require further research and development:

1. Advanced software tools
= Software that can sort through large amounts (200TB) of PMU data and identify significant events per modeling
2. Unified modeling approach for both operations and planning which enables convergence of planning and operations
» Methods and tools unify bus/branch and node/breaker models seamlessly What this unified modeling allows is to (directly) compare what
planners and operators see without any model conversion, data mapping or manual scripting process.

Business and Technological Challenges which are covered by commercialized technologies and products, however demonstration or confirmation

studies may be required:
= None
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Business
Challenges
(519)

Operational &
Technical Needs
(\I))

Required
Capabilities
(RC)

Technologies

(T)

R&D Programs

|. Power System Modeling

I-2. Power System Model Validation Technology Roadmap

2013 — 2016

BPA Transmission
Technology Roadmap

effective manner.

BC2 Promote adequate, efficient, and
reliableregional transmission in a cost

system

OC1lImprove the quality of power system
models—especially wind power plant

models

The technical expertise of generation owners

BC4 Link to distribution smart grid
Whatis the link between bulk transmission
system and the evolving distribution smart grid

BC3 Operational excellence
long-term value of
transmission assets. Asset

BC1 Comply with
FERC/NERC/WECC
standards and initiatives

OC5 State Estimatoris based on
insufficiently accurate power
flow models

[ BC2]

to conduct reliable model validation testing

is uneven or inadequate.
[BC2]

OC3Better awareness of generating fleet performance requires the ability to
continuously monitor generation plants against performance benchmarks

[ BCA]

ND3 Improve Data Sets
Need data sets with information

[ocy]

providedby PMUs to validate against.

s

ND1 Need to improve the Power-
flow Base Case
[OC1,0C3,0C5]

RC2 Data mining
Capability to look for

archived PMU data
[ND3]

1
1
I
1
I
| | events/ disturbances in
|
I
|
I

RC1 Performance analysis (Work related compliance)
-post-run analysis of cases, including voltage, frequency,
damping, impedance, filed current, etc.

- generator control performance assessment

- SPS performance assessment

- in-run analysis, adjust the base case on performance, can
use game theory to stress the case and identify vulnerabilities
[ND1]

RC6 Dynamic Models

-Ability to perform a wide range of sensitivities, such as load
model composition and protection

[ ND1]

management

OC2 NERC Standards (MOD 24 -27,
PRC 19-24) present challenges to
BPA's abilities to comply

[BC1]

OC4 NERC San Diego Blackout
findings are adding new
operations requirements
[BC1,BC3]

ND4 Model the Distribution
System Need ability to model and
study Sub 100kv system

[OC4]

ND2 Need to be ableto generate
automatic reports for compliance
filings

[OC2]

RC 9 Additional PMUs

: | More PMU locations are needed to
: | validate more models
[ ND2]

RC4 Base cases

- A pre-definedset of base cases, fixed set of pre-
contingency outages.

-Automate voltage control adjustment for each base case.
[ND1, ND2]

i | RC3 Reporting

: |- Tables with system performance
: | assessment

HE Sensitivity analysis

HE Comparison of several cases

RC5 Contingency
—Wide range of contingencies, automatic RAS arming
— Prioritize contingencies based on system performance : |- Plots of predetermined signals

[ ND1, ND2] : |- Plots of violations

i v S GGG T ............................................... E : [NDZ] ;

T1Advanced software tools

Software that can sort through large amounts (200TB) of
PMU data and identify significant events per modeling

[RC1, RC2, RC3, RC6]

[RC4, RC5]

T2 A unified modeling approach for both operations and planning which enables convergence of planning and operations.
Methods and tools unify bus/branch and node/breaker models seamlessly What this unified modeling allows is to (directly) compare what
planners and operators see without any model conversion, data mapping or manual scripting process.

Unified Modeling of short- and long-term effects in hydropowerr, Dr. Hans
Ivar Skjelbred, Norwegian University of Science and Technolo gy

Holomorphic Embedded Load
Flow Method Gridquant

Coordinated Control and Optimization Algorithms for Virtual
Power , Dr. Le Xie, Texas A&M

Architecture and Distributed Management for Reliable
Mega-scale Smart Grids, Dr. Vijay Vittal, ASU

Grid Control — A soft platform to supportthe Smart Grid, Dr. Kenneth

Birman, Cornell University and ARPA-E

Information and Comp utation Hierarchy for
Smart Grids, Dr. Lang Tong, Cornell University

Gridspice — A virtua platform for modeling, analysis and
optimization of the smart grid
TomKat Center for Sustainable Energy, Stanford Univer sity

BPA TIP 274 - Development and Demonstration of
Applications for BPA and FCRPS Compliance with
Mo deling Standards and Performance Monitoring
(TRL-8)

The Next Generation EMS
Design, Dr. Mlad en
Kezunovic, Texas A&M

Analysis & Control of Smart Electrical
Distribution Systems, Sanjay Lall and Dimitry
Gorinevsky, Stanford University

The use of telecommunications and GPS technology for the real-time wid e-area
monitoring and control of power systems
Dr. Gerald T. Heydt, ASU

Hierarchical Coordinated Protection of the
Smart Grid with High Penetration of Renewable
Resources, Dr. Mladen Kezunovic, Texas A&M

Exploiting Emerging Data for
Enhanced Load Modeling (S-49),
PSERC

BPA TIP 268 - Verification and Validation of
Transient Stability Models and Results (TRL-6)

Operational Challenge - Operational & Technical Need - Required Capability - Technologies - Existing R&D Programs -

Non-Existing R&D Programs

(Gaps)
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Related Internal and External Projects

BPA Challenge Lead R‘?Se"?‘mh BPA . Project Title & Project Description
Organization Sponsoring
TIP 274 - Development and Demonstration of Applications for BPA and FCRPS Compliance with Modeling
Standards and Performance Monitoring
The objective of this projectis to develop and integrate a com prehensive set of model validation and performance
monitoring tools for BPA and Federal Columbia River Power System (FCRPS) participants. The FCRPS
participants include Bonneville Power Administration (BPA), US Army Corps of Engineers (US COE) and US
NREL PL: Luigi Bureau of Reclamations (US BOR) who operate hydro power plants in the Pacific Northwest.
Compliance with Gentile Polese
FERC/NERC/WECC YES Deliverables:
standards and BPA PM: = Software for baseline model validation, including documentation and training (SG-1A)
initiatives Mira Vowles = Model library and project set-up for baseline model validation (SG-1B)
2012 -2016 = Data and model managementfor Power Plant Model Validation (SG-2A)
= Data calibration module (SG-2B)
= Software and data set-up for validation of powerflow wind power plantmodels in BPA system (SG-3A)
» Software and data set-up for validation and calibration of dynamic wind power plantmodels in BPA system
(SG-3B and SG-3C)
= Software for power plant performance monitoring
TIP 268 - Verification and Validation of Transient Stability Models and Results
The first goal of this projectis to develop an automated mechanism to verify transient stabilitysimulation
packages, used by BPA for their system analyses, against each other. This will be done by simulating WECC
power system models in different com mercial software packages such as GE-PSLF, PowerWorld Simulator,
University of llinois PowerTech's TSAT and Siemens PTIPSS/E. The overall objective of this proposed work s to bridge the gaps
e identified in BPA's transmission roadmap and further BPA's cause in optimizing their transmission grid, by
Model verification; at Urbana- A ; . - S .
comparisons with Champaign facilitating better planning studies and the consequentoperational enhancements. This will be attained by
increasing the confidence in the dynamic simulation studies of the BPA system, by an integrated software-
measured data YES e S
indicate the quality of BPA PM: verification and model-validation approach.
the overall model Terry Doern Deliverables:
2012 — 2014 )

Deliverables will include recommendations on how transient stabilitysim ulation programs should be modified so
that model validation studies can be carried outwith ease. At each stage gate, all required and applicable reports,
documents and tools will be submitted to BPA for evaluation of sufficientprogress. A final report will be provided,
describing the execution and achievements of the entire project in detail, as well as charting out the future steps
for this work.
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BPA Challenge Lead Rgsegrch BPA . Project Title & Project Description
Organization Sponsoring
Grid Control — A soft platform to support the Smart Grid
Smart Grid Power systems developers will employGridControl as a tool that simplifies their mostchallenging problems. It will
distribution linkage, include new architectural options for power systems monitoring, managementand control, and overcome the
what is the link . . diverse technical hurdles of cloud computing in real settings. Our effort focuses on putting well understood,
Cornell University ; o . - . )
between bulk : working technologies into the hands of developmentteams seeking to explore innovative power grid control
L and ARPA-E PL: NO . L .
transmission system . concepts. We argue that such efforts to date have been hobbled by inadequacies in the mostcommon, widely
. Kenneth Birman : - ; L -
and the evolving available, production technologyplatforms. We see ourselves in arole of having fixes for those shortcomings and
distribution of the solutions that already demonstrably bridge this how-to gap.
Smart Grid system
http://www .cs.cornell.edu/Projects/gridcontrol/index.html#impact
Texas A&M Coordinated Control and Optimization Algorithms for Virtual Power
University PL: NO
Le Xie
Holomorphic Embedded Load How Method (commercial product)
Gridquant physicist Antonio Trias Bonetinvented the algorithms and proved them internationallyfor a decade.
They are unlike existing approaches that require some prior knowledge of the condition of the grid in orderto
State Estimators ascertain load flow and state estimation, yielding uncertain and unreliable results. The advanced grid management
based on insufficient Gridquant NO tools based on HELM allow grid operators to accurately monitor and control the power grid under all operating
power flow models conditions.
(News: Battelle has signed an exclusive licensing and collaboration agreement with the specialtygrid management
company Gridquant, bringing breakthrough modeling and analysis technologies to the electricity ransmission
market.)
Smart Grid Hierarchical Coordinated Protection of the Smart Grid with High Penetration of Renewable Resources
distribution linkage,
what is the link Texas A&M
between bulk : ; )
e University PL: NO
transmission system Mladen Kezunovic
and the evolving
distribution of the
Smart Grid system
Ability to promote PSERC PL: The Next Generation EMS Design (T-45)
adequate, efficient, o The conceptof Energy Management Systems (EMS) was introduced in the late sixties and was not changed much
. . Mladen Kezunovic ; . ) . ;
and reliable regional (Texas A&M NO until today. In the mean time manynew infrastructure concepts and solutions emerged. Future EMS design that
transmission in a University) embraces emerging infrastructures and applications will be outlined.

costeffective manner
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BPA Challenge Lead Rgsegrch BPA . Project Title & Project Description
Organization Sponsoring
Inadequate technical Norwegian Unified Modeling of short- and long-term effects in hydropower
expertise of University of Traditional modeling of hydropower systems consist of a two-step process. The firstpart is a strategic analysis of
generation owners’ Science and NO seasonal inflow producing water values as guidelines for reservoir utilization. In the second partthese guidelines
to conduct reliable Technology PL: are used as inputfor a short-term model with a finer resolution resulting in a detailed operating strategy. In this
model validation Hans Ivar papera modeling approach is presented unifying the previouslydecoupled parts into an Lagrange relaxation
testing Skjelbred, scheme incorporating the shortterm operating in the long term guidelines and vice versa.
Smart Grid Analysis & Control of Smart Electrical Distribution Systems
distribution linkage, This research focuses on the developmentof systems analysis, control, and monitoring technologies for the
X ) Center Stanford L . . L . ) )
what is the link . ; . distribution segment of the electrical grid. This is one of the parts of the grid where there is substantial need and
University PL: . . . . : .
between bulk Saniav Lall NO opportunity for technological enhancement. The primary purpose of this research is to address the impacton the
transmission system _ >anay: system of future distributed renewable generation, storage, demand management, and electric vehicle charging
A Dimitry Gorinevsky - . ; . - X .
and the evolving systems. Our approach is based on computational analysis and simulation, making use of dynamical models,
TomKat
distribution of the statistical inference, and optimization.
Smart Grid system
Smart Grid The use of telecommunications and GPS technology for the real-time wide-area monitoring and control of
distribution linkage, power systems
what is the link This projectwill contribute to the advancementof knowledge in the areas of security, monitoring and control of
between bulk ASU PL: NO power systems by utilizing the SMT technology. The methodologies developed, will be tested on IEEE test
transmission system Gerald T. Heydt systems and on the Cyprus power system. It is envisioned that with the completion of this project, the reliability of
and the evolving the power system will be further enhanced, promoting the qualityof life and welfare of the citizens.
distribution of the
Smart Grid system
Smart Grid Gridspice — A virtual platform for modeling, analysis and optimization of the smartgrid
distribution linkage, Center for The projectaims toresearch and begin prototype developmentof GridSpice, a software simulation system for
what is the link ) modeling, design, planning and optimization of the smart grid. GridSpice will model the interactions between all
Sustainable ! : . . . S I R
between bulk Enerav. Stanford NO parts of the electrical network—including generation, trans mission, distribution, storage and loads; in addition, it will
trans mission system Uni?/)el’rs ity PL: also model the wholesale and retail electricitymarkets, and res ponse of consumers to price sensitive contracts.
and the evolving T Kyt ’
distribution of the omKa
Smart Grid system
Smart Grid Architecture and Distributed Management for Reliable Mega-scale Smart Grids
distribution linkage, The objective of this research is to establish a foundational framework for smart grids that enables significant
what is the link . penetration of renewable DERs and facilitates flexible deployments of plug-and-play applications, similarto the
ASU PL: : X h . -
between bulk Viiay Vittal NO way users connecttothe Internet. The approach is toview the overall grid managementas an adaptive optimizer
transmission system 20110y_ 2013 to iteratively solve a system-wide optimization problem, where networked sensing, control and verification carry

and the evolving
distribution of the
Smart Grid system

out distributed com putation tasks to achieve reliabilityat all levels, particularlycomponent-level, system-level, and
application level.
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BPA Challenge Lead Rgsegrch BPA . Project Title & Project Description
Organization Sponsoring
Smart Grid Information and Computation Hierarchy for Smart Grids
distribution linkage, . . This researchinvestigates keyaspects of a com putation and information foundation for future cyber-physical
. - Cornell University g . Co ) )
what is the link PL: energy systems -the smartgrids. The overall projectobjective is to supporthigh penetrations ofrenewable energy
betwegn bulk Lang 'Il'ong NO sources,communitybased micro-grids, and the widespread us e of electric cars and smart appliances.
transmission system (NSF-CPS- _
and the evolving 1135814) http:/sensorweb.cs.gsu.edu/?q=SmartGrid
distribution of the 2011 - 2015
Smart Grid system
Exploiting Emerging Data for Enhanced Load Modeling (S-49)
This projectinvestigates mechanisms to exploitemerging PMU and smart meter datasets to enhance load and
demand modeling. The new datasets contain a wealth of information yet unexplored, which can provide the means
. for powerful load analytics, and a platform for the developmentof novel power system analysis methods. This
State Estimators j ddresses three key challenges in power systems load modeling thatcan be overcome by relying on novel
based on insufficient PSERC NO projecta y Y P ys 9 Y reiying

power flow models

data and recent algorithms: a) PMU-based dynamic load modeling and dynamic state estimator, b) Smart meter-
based load modeling and analytics through datamining, and c) Signature-based load identification and sensing
requirementsforload composition determination. The enhanced load models and load modeling methodologies
resulting from this research will provide superior understanding of emerging power system behavior, and better
models forenhanced control, operations, and power system planning.
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Intelligent Alarms Roadmap

Business and Technology Challenges

With hundreds of different processes running at once, operators can be hard pushed to keep up with alarms, even under normal conditions. Without
careful management, alarms can be ignored by even the most diligent of operators. Persistently active alarms may even be disabled, leading to
vulnerabilities and risks must be quickly and accurately identified and understood. Intelligent alarms should start by exploring how operators make
decisions during critical conditions, how they and the system learn to improve decisions, realizing false and extraneous (to the situation) alarms and
data need to be identified and either corrected or identified and suppressed.

To ensure the operational goals and decision processes (the decision may be different depending on the goal and system state), and what
understanding can be achieved from emerging sensing.

Operational challenges are as follows:

Large amounts of signals and alarm information can make it difficult for operators to make emergency control and restoration decisions. Too
much data is as bad as too little.

Secondary circuit signals can be redundant, confusing diagnosis of faults and leading to mistaken alarms.

State Awareness to delineate normal from abnormal conditions.

Lessons learned for other from other outages eg San Diego and identifying issues important to BPA.

Cannot get accurate line connect and disconnect status for state estimator in some cases.

Communication issues with unmanned Substations where alarms must be sent to control centers.

Prioritization and Filtering of alarms must be categorized or otherwise processed such that system problems can identify and resolved.
Alarm standardization and descriptions are not consistent across the system.
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R&D Gaps

Business and Technological Challenges which are not addressed by existing R&D programs:
1. Protective Relay Events
= Technologies that make better use of event reports that are recorded in protective relays.

Business and Technological Challenges which are covered partially by existing R&D programs but still require further research and development:
1. Transformer, Breaker Monitor
» Systems that increase monitoring of breakers and transformers.
2. Substation Automation Standards
= |EC 61850 includes communication requirements for functions and device models .

Business and Technological Challenges which are covered by commercialized technologies and products, however demonstration or confirmation

studies may be required:
= None
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L Transmission 11-1. Intelligent Alarms Technology Roadmap BPA Transmission

Operations Technology Roadmap
01 016
BC 1 Equipment Status Visibility BC 2 False Alarms
B USi ness : Power syst_em q§f|C|enC|es, wulnerabilies and risks must be quickly and False and extraneous (to the situation) alarms and data need to be
i Jaccurately identified and understood identified and either corrected or identified and suppressed. :
Challenges e e i
OC6 Communication 0OC8 Standardization OC7 Prioritization and OC2 Secondary Circuit Signals
Substations are unmanned. Alarms must Alarms and descriptions are not consistent Filtering Secondary circuit signals can be redundant, confusing diagnosis of
besent to control centers. across the system Toolmuchldatalisasibadlasioo faults and leading to mistaken alarms
e [BC1] little. Alarms must be [BC2]
categorized or otherwise
- processed such that system OCLE Ve Inf i
OC5 Line Status OC4 Lessons f_rom San Diego Outage problems can identified and xcessive ‘niormation ) ) o
Cannot getaccurate line and disconnect Identify issues important to BPA resolved. Large amounts of signals and alarm information can makes it Q|ﬁ|cult OC3 State Awareness
status for state estmator in some cases [BC1] [ BC1] for operators to make emergency control and restoration decisions Delineate norm.a.ll from
A 3 [BC1,BC2] abnormal conditions
[BC1] res—
A [BC2, BC1]
L ]
I ND4 Advanced Processing
O erati o nal & B [eisse Comnieaian A(IJaéTsosCr;eegct(; be process to always present the most important alarms in the context of a situation.
p Provide communications to lower voltage [ : : ]
Technical Needs substations and to customer terminals sigE s e R R R R R R R pinnnn R R .
where information is needed from. 1 e ] e e T e R PRt PSP E e PR L weenanin I
(ND) [OC5, OCS] i - e - o - i
ND3 Time Synchronization ND1 State Awareness ND2 conditions on sub 100 kv lines =
I | Alarms and data, in general need to be ¢ | Need to Identify impacting conditions on neighboring systems Need to identify patentially impacting conditons on sub 100 kv lines as 1
I | time synchronized across the system : [OC3, 0C4] well as other facilities that can impact bulk electrical system reliability Y
1 |[oc4, oce, 0C8] : : [ocs3] i
| e S e S e e e e e e e R R e P R i
2 e et Pt BBt S Pt et et Pt Bt Pt ettt B B et P e et Pt Bt Pt e e ot e o et e e et e e et ot e e et e e e e e e e e e e e e -
Requ | red RC2 Distribution to End Users z
iliti Alarms must be made available to users i i
Capabilities IS (1) TERE ) RC1 High Resolution
P requiring information in the required format Alarms must monitor system events in real time, such as RC3 Alarm Filtering ¢
(RC) Eﬁbtg])(t printout, graphical display, etc. faultoperations and supply information that will aid Alarms must be filtered such that only needed alarms are
situational awareness; understanding of power system presented to the various end users.
4 events (or lack of). [ND4]
[ND1, ND2, ND3] K
Y
Technologies
g P T PP P P TP I e e e e e e
(M) i . . , : _ 14
| T1 Substation Automation Standards T2 Transformer, Breaker Monitor T4 1EC 61850 Demo : T3 Protective Relay Events
] IEC 61850 includes communication Systems that increase monitoring of Setup new equipment according to the standard in Techndogies that make better use of event
:| requirements for functions and device models breakers and transformers. order to identify strengths and weaknesses . reports that are recorded in protective relays.
I [RC1] [RC1] [RC1] : [RC2, RC3]
R& D Programs EPRI Substations Program - Novel Sensor
Technologies for Substation Applications

. : . . - . . Non-Existing R&D Programs
Operational Challenge - Operational & Technical Need - Required Capability - Technologies - Existing R&D Programs - (Gaps)XI 9 9
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Related Internal and External Projects

BPA Challenge Lead Re_segrch BPA Project Title & Project Description
Organization Sponsoring
. EPRI Substations Program - Novel Sensor Technologies for Substation Applications
Ide;(t:lrf])i/;/:/ggtf;::r?] be (Puiith:ed NO The objective of this report is to provide an overview of existing and potential applications for sensors at
emeraing sensin 12/21/2011) substations and to presentpertinentinformation aboutsensor us e outside the powerindustryto enable personnel
ging 9 to become more aware of presentand future technologies thatthey may wish to implement.
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lll. Power Grid Optimization
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Power Flow Controls Roadmap

Business and Technology Challenges

A critical challenge in Transmission Monitoring & Control Systems is transmission system capacity — we need to increase capacity of the
transmission system without extensive capital investment.

This creates multiple operational challenges:
= Network Capacity Limitations: A network increases reliability at the cost of capacity underutilization and inefficiency. In a transmission grid,
capacity is limited by the lowest-capacity segment. Electricity follows a “path of least resistance” (lowest impedance), so the first line to reach
its thermal capacity limits the capacity of the entire system, even though a majority of the lines of the system may be significantly below their
limit.
= Voltage Stability: Increased application of variable energy resources balanced within-hour by remote conventional resources adds additional
variation to power flows and voltage support capabilities.

These challenges result in the following operational and technical needs:
= Control Power Flows: Having the ability to explicitly control power flow could enable accessing this unused capacity to relieve congestion,
relieve outage constraints and improve system security as an alternative to new transmission lines
= Voltage Controls: Major load service paths that are voltage stability limited may require additional devices that control voltage variability.

Required capabilities to fulfill the needs are:
= Power Flow System Components for Grid Optimization: Need to understand what devices are available, what are their operating
characteristics, where to put them, and what sizes (capabilities) are needed. Much longer long term assessment and evaluation of

interactions.
= Automated Controls: Automated controls must be able to handle sudden events (unplanned outages) or unexpected operating conditions in

ways that don't disturb the rest of the system.
= System Expansion & Optimization: Optimization of the existing system, increase in number of lines & interconnections by about 10%.

Control power flow and Optimize RAS
= Identifying a good application, with high quality studies to support its performance (Planning focus), and show this application has a higher
value than a traditional solution (new line, substation, or transformer), a well informed sound business case

Related technology is power flow control/flexible alternating current transmission system (FACTS) devices. HVDC (back to back or AC to DC
conversion, voltage source conversion) phase shifting, impedance changing technologies
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R&D Gaps

Business and Technological Challenges which are not addressed by existing R&D programs:
1. Network Capacity Limitations
2. System Expansion & Optimization
3. Automated Controls
4. Response based controls

Business and Technological Challenges which are covered partially by existing R&D programs but still require further research and development:
Control Power Flows

Power Flow System Components for Grid Optimization

Voltage Stability

Voltage Controls

PoONE

Business and Technological Challenges which are covered by commercialized technologies and products, however demonstration or confirmation
studies may be required:

1. New technologies — A high-power circuit breaker

2. Relatively new technologies — voltage source converters and distributed FACTS (Smart Wire)
3. Improved existing technologies — phase shifting transformers, switchable series inductors/capacitors or thyristor controlled, and FACTS
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IIl. Power Grid
Optimization

Business
Challenges
(310

Operational &
Technical Needs
(ND)

Required
Capabilities
(RC)

Technologies

(M

R&D Programs

l1I-1. Power Flow Controls Technology Roadmap

2012 — 2015

BC1 Transmission System Capacity
Increase capacity of the transmission system without extensive capital investment

OC1 Meshed Network Limits Capacity
A meshed network increases reliability at the cost of capacity underutilization and inefficiency. In a meshed transmissionsystem, capacity is limited by the lowest-
capacity segment. Electricity follows a “path of least resistance” (lowest impedance), so the first line to reach its themal capacity, limits the capacity of the entire

system, even though a majority of the lines of the system are significantly below their limit.

OC2 Voltage Stability

Increased application of variable energy resources balanced within-hour by remote conventional
resourced adds variationto power flows and the ability to provide voltage support.

ND 1 Control Power Flows

Having the ability to explicitly control power flow would enable accessing this unused capacity
torelieve congestion, relieve outage constraints and improve system security as an alternative

tonew transmission lines.

ND2: Voltage Controls
Major load service paths that are voltage stability limited require additional cost
effective devices that control voltage variability

RC1 Power Flow System Com ponents for Grid Optimization
Need to understand what devices are available, where to put them, and what sizes (capabilities) are needed. Much longer long term assessment and evaluation of interactions.

RC2 Automated Controls must not m ake Problems Worse
Automated controls must be able to handle sudden events (unplanned outages) or unexpected operating conditions in ways thatdon't disturb the rest of the system.

RC3 System Expansion & Optimization
Optimizationof the existing system, increase in number of lines & interconnections by about 10%. Control power flow and Optimize RAS

T1 Power Flow Controls/Flexible Alternating Current Transmission System (FACTS) devices
Power flow control devices steer the current in a line in order to balance the loading on all the lines allowing the overall system to operate at its theoretical maximum capacity.

BPA Transmission
Technology Roadmap

PSERC: Evaluation of RTV
Coated Station Insulators (T-46G)

BPA TIP 245 CONTROL OF POWER
FLOW CONTROL DEVICES (TIP-4)

PSERC: Seamless Power
System Analytics (S-46G)

PSERC: Setting-less Protection
Method s (S-48G)

PSERC: Micro and Nano Dielectrics
for Utility Applications (T-42)

ARPA-E: Compact Dynamic Phase Angle
Regulatorsfor Transmission Power Routing

EPRI: Overhead Transmission -
Program 35 (2011-2013)

process improvement (T RL-8)

BPA TIP 46 Operations real time study

area oscillation damping (TRL-9)

BPA TIP 50 Power system controls- inter

BPA TIP 241: Evaluation of power flow controls, demand
response and energy storage opportunities for resolving
transmission constraints in the pacific northwest (TIP-7)

ARPA-E: Robust Adaptive
Topology Control (RATC)

ARPA-E: Magnetic Amplifier for
Power Flow Control

ARPA-E: Resilient Multi-Terminal HVDC Networks with
High-Voltage High-Frequency Electronics

EPRI: HVDC and FACTS Technologies -
Program 162 (2011

dynamic transfer analysis (TIP-4)

BPA TIP 237 Bidirectional multipath

(TRL-9)

BPA TIP 51 - RESPONSE BASED
VOLTAGE STABILITY CONTROLS

ARPA-E: Transformer-less Unified Power Flow

Controller for Wind and Solar Power Transmission

ARPA-E: Scalable Real-time

Decentralized Volt/VAR Conftrol

6)

BPA TIP 282 - Transmission Power Flow
Controls for Bulk Grid Optimization (T IP-

6)

BPA TIP 268 - Verification and Validation of
Transient Stability Models and Results (TRL-

Transient Stability Results (S-43G)

PSERC: Validation and Accreditation of

ARPA-E: Prosumer-Based Distributed
Autonomous Cyber-Physical Architecture for
Ultra-reliable Green Electricity Internetworks

Smart Wires for Energy Routing

ARPA-E: Distributed Power Flow Control Using |

ARPA-E

Transmission Topology Control for Infrastructure
Resilience to the Integration of Renewable Generation

ABB tests out high-voltage direct-current
circuit-breakers at their facility
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Related Internal and External Projects

BPA Challenge Lead R‘?Se"?‘mh BPA . Project Title & Project Description
Organization Sponsoring
TIP 51 - Response Based Voltage Stability Controls
This projectresearches all three types of controls (primary, secondary, emergency) will be considered. Primary
Voltage control - Response-based controls for fastreactive switching of 500-kV shunt capacitor banks in Portland /
Salem area. Coordination reactive resources in Southern Oregon/ Northern California area. Secondary Voltage
Controls - Reactive power managementto optimize voltage profile and to maximize reactive margins. Emergency
voltage controls - Low voltage shedding.
Ior}cre\z/;sr?:blspplécnaet;(;r; Key Resul?s/C_onclusions: N _
resources  balanced = A combination of model-based stabilityassessment, measurementbased tools and res ponse-based Remedial
within-hour by remote Action _Scheme (RAS) are needed to address wltage stabilitylimits. _
- . = Operational tools: Several measurement-based tools have been researched and are currently in the prototype
conventional BPAPL: YES phase
;%S;Egﬁ;s variatioe:?otlz Dmitry Kosterev = Response-based RAS:Wide-area co_ntrol_system is unde_rthe de_velopme_nt. WACS W_iII be dt_aployed under the
power flows and sypchro-phasor capital program. California-Oregon Intertie reactive coordination studies are in progress.
voltage support = Wlnq power plantvoltage controls: Voltage control requirements are developed. Secondaryvoltage control
capabilities studies are planned. _ N o
' = Load-Induced voltage instability. Load models are developed by WECC. BPA did significantam ount of
equipmenttesting, model development and data preparation. Studies indicate thatthe Portland metro may be
at risk of voltage instabilitydue to air-conditioner stalling. The projectsupports the developmentofregulatory
framework which will have huge impacton the capital investmentneeds.
= Analysis tools: Tools for analysis of wind power plant voltage controls.
= Time-sequence power flow: Time-sequence powerflow capabilities in Power World and PSLF; also, the time
sequence for studying the im pact of wind ramp events on system voltage stability.
TIP 241 - Evaluation of Power How Controls, Demand Response And Energy Storage Opportunities For
Resolving Transmission Constraints in the Pacific Northwest
The proposed projectwill 1) Develop the framework and methodology for evaluating powerflow control and load
control options in the transmission planning process —i.e. expanding the toolbox of the transmission planners to
N . include applicable non-wire solutions, 2) Testthe methodologyto size up powerflow control and load control
eed to increase A ; i o
e g e o e o et et
transmission system Travis Togo YES y y P P ' ) gies.

without extensive
capital investment

Key Results/Conclusions:

= Methodology Draft, Regulatory Framework Assessment
= System impactstudies for power flow controls

= Feasibilityassessment

= Control Simulations

= Final Methodology, Study and Business Case Guidelines
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Lead Research BPA . . . o
BPA Challenge Organization Sponsoring Project Title & Project Description
TIP 245 - Control of Power How Control Devices
The objective of this projectis to investigate the effectiveness of power flow control devices such as FACTS
devices with regards to congestion managementand improving the usage ofthe existing trans mission system.
Power Flow System Co L . . 2. ) .
- This will allow providing a more flexible system and pushing more power through the existing lines. We will derive
Components for Grid g : . . - -
Optimization - Need the sche.me.s to determlne thg optimal se‘gtlngs ofthe pqwerflow control dewceg taking into accountthe varying
power injections from intermittentand variable generation resources such as wind and solar generation.
to understand what
devices are available, BPA PL: L
. Key Results/Conclusions:
what are their Paul Ferron YES - . . C L .
. = White Paper, approximatelyl0 pages, documenting testsystem used, justification for objective function and
operating 2011 - 2012 - S .
e description of method used for sensitivityanalysis.
characteristics, where . : X | o f i | hodoloavincludi imulati
to put them, and what Interim Report, approximately 15 pages. Description of decentralized control methodologyincluding simulation
X P results comparing achieved resultswith results of Optimal Power Flow.
sizes (capabilities) are : ; . . . .
needed * Final Reportj approxim athySO pages.Detailed reporton prolegttasks carried out, re;uIFs of system studies
' and conclusions on effectiveness of power flow control devices in the proposed application.
= Simulation code software including detailed comments.
= Presentation of accomplished work including explanation of simulation code.
Robust Adaptive Topology Control (RATC)
Historically, the electric grid was designed to be passive, causing electric power to flow along the path of least
ARPA-E . . . - . . .
. . resistance. The Texas Engineering Experiment Station team will develop a new system that allows real-time,
Control power flows Texas Engineering NO U . - .
Experiment Station automated control over the transmission lines that make up the electric power grid. This new system would create
P a more robust, reliable electric grid, and reduce the risk of future blackouts, potentiallysaving billions of dollars a
year.
Transformer-less Unified Power How Controller for Wind and Solar Power Transmission
Michigan State will develop a unified power flow controller (UPFC) that will have enormous technological and
ARPA-E o ; . o ! g
- economic impacts on controlling the routing of energy through existing power lines. The UPFC will incorporate an
Control power flows Michigan State NO . ) S . . S
Universit innovative circuitry configuration that eliminates the transformer, an extremely large and heavy component, from
y the system.As a result, it will be light weight, efficient, reliable, low cost,and well suited for fast and distributed
power flow control of wind and solar power.
Magnetic Amplifier for Power How Control
ARPA-E Complete control of power flow in the grid is prohibitively expensive, which has led to sub-optimal, partial control.
: . Oak Ridge National Laboratorywill develop a magnetic based valve-like device for full power flow control. The
Control power flows | Oak Ridge National NO : . ; . oo . -
controller will be inherently reliable and cost-effective, making itamenable for widespread distributed power flow
Laboratory . o . S ; S
control. The benefits are far-reaching, including full utilization of power system assets, increased reliabilityand
efficiency, and more effective use of renewable resources.
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Lead Research BPA . . . .
BPA Challenge Organization Sponsoring Project Title & Project Description
Prosumer-Based Distributed Autonomous Cyber-Physical Architecture for Ultra-reliable Green Electricity
ARPA-E Internetworks
. Georgia Tech will develop and demonstrate an internet-like, autonomous control architecture for the electric power
Georgia Tech - . L . - o S :
Control power flows Research NO grid. The architecture has distributed intelligence,autonomouslycoordinating control within a network that includes
; energy production units, storage units, and consumers (homes, buildings, microgrids, utility systems). It will reduce
Corporation . . . . - - P
constraints on grid control and enable massive penetration of distributed energyresources (primarilywind and
solar power) and storage devices (such as batteries).
Distributed Power How Control Using Smart Wires for Energy Routing
Ower 660,000 miles oftransmission line existwithin the continental United States with roughly 33% of these lines
experiencing significantcongestion. This congestion exists while, on average, only 45-60% of the total
ARPA-E Lo P TR . ST .
Control power flows . NO transmission line capacityis utilized. A team led by startup company Smart Wire Grid will develop a solution for
Smart Wire Grid, Inc . . T . .
controlling power flow in the transmis sion grid to better take advantage of the unused capacity. The power
controller will be a “smartwire” that incorporates advanced control software, sensors, and communications
technologies.
Scalable Real-time Decentralized Volt/VAR Control
Caltech will develop scalable, real-time, decentralized methods for power control to achieve system-wide
Power flow system ARPA-E - L oo o ; - -
. . . . efficiency, stability, reliability, and power quality in the presence of uncertain renewable generation. The distributed
components for grid | California Institute of NO . . . ; X .
LT control architecture will allow each of the end nodes to effectively manage their own power, while at the sametime
optimization Technology A L ; L f . - .
optimizing overall power flow within the grid. This will enable an interconnected system with millions of active
energy applications, such as distributed wind and solar power units.
Resilient Multi-Terminal HVDC Netw orks with High-Voltage High-Frequency Electronics
Power flow svstem ARPA-E Some advanced trans mission technologies require expensive power conversion stations to interface with the grid.
ysten General Electric GE Global Research will collaborate with North Carolina State University (NCSU) and Rensselaer Polytechnic
components for grid NO . . . .
L Company-Global Institute (RPI) to develop a prototype transmission technologythatincorporates an advanced semiconductor
optimization - o : ) - . . g .
Research material, silicon carbide. This prototype will operate at a high voltage level appropriate forthe grid. It will decrease
the costand complexity of advanced transmission systems as well as improve efficiency.
Compact Dynamic Phase Angle Regulators for Transmission Power Routing
Varentec will develop a compact,low-costsolution for controlling power flow on trans mission networks. The
Control power flows ARPA-E NO technologywill enhance grid operations through improved as set utilization and by dram aticallyreducing the

Varentec, Inc.

number of transmis sion lines that have to be builtto meetincreased renewable energypenetration. Finally, the
ability to affordably and dynamicallycontrol power flow will open up new com petitive energy markets which were
not possible underthe currentregulatory structure and technology base.
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BPA Challenge

Lead Research
Organization

BPA
Sponsoring

Project Title & Project Description

Increase capacity of
the transmission
system without
extensive capital
investment

EPRI

NO

Overhead Transmission - Program 35 (2011-2013)

Transmission companies face issues such as im proving safetyand reliability, as well as cutting operations and
maintenance (O&M) costs. They are also seeking ways to increase trans mission capacitywithoutmaking large
capital investments. Reducing capital expenditures for new and refurbished equipmentis another priority. This
EPRI research program is designed to address the research needs of transmission as setowners. The program
includes projects focused on specific components (e.g., insulators, compression connectors and crossarms) as
well as projects focused onissues (e.g.,lightning and grounding, live working, and trans mission capacity). The
program delivers a blend of short-term tools such as software, reference guides and field guides, together with
longer-term research such as componentaging tests and the developmentof sensors for monitoring line
components and performance.

Control power flows

EPRI

NO

HVDC and FACTS Technologies - Program 162 (2011

The powerindustryis faced with the difficulty of acquiring rights-of-wayfor new transmission lines, the need to

im prove the reliabilityof the power grid, and the challenge of integrating renewable power sources into power
systems. High-voltage direct current (HVDC) and flexible ac transmission system (FACTS) technologies offer
some effective schemes to meetthese demands. Applying HVDC technologies within an existing ac system is an
option that can increase the transmission capacity of the existing power system.HVDC technologies can also be
appliedtothe power system to improve system reliability. HYDC may provide solutions in integrating renewable
power sources such as wind and solar energyinto a power system. FACTS is an effective means of managing
power flows.

Both HVDC converters and FACTS share some common technologies. This program offers a comprehensive
portfolio of HYDC and FACTS research, consisting of two HVDC projectsets and one FACTS projectset.
Participants can apply program research to existing and future power systems, and better understand the options
of using these technologies when evaluating these systems.

Power flow system
components for grid
optimization

PSERC PL:
Tom Overbye
(University of

IL/Urbana)

NO

Validation and Accreditation of Transient Stability Results (S-43G)

Determination of the transient stabilityproperties of a power system for a set of contingenciesis of vital
importance. However, it is widely known in the industrythat differenttransient stabilitypackages can give
substantially differentresults for seeminglyidentical models. The goal of this projectis to develop validation and
accreditation methodologies for transient stabilitypackages with a focus on the Western Electricity Coordinating
Council (WECC) system models. Differentcommercial transientstabilitypackages will be utilized for testing and
comparisons.

Need to understand
what devices are
available, what are
their operating
characteristics, where
to put them, and what
sizes (capabilities) are
needed

PSERC PL:

A. P. Sakis
Meliopoulos
(Georgia Institute of
Technology)

NO

Setting-less Protection Methods (S-48G)

The capabilities of protective relays have increased dramaticallyas higher and higher end microprocessors are
used in modern numerical relays. At the same time the com plexity has increased primarilybecause numerical
relays are setto mimic the traditional electromechanical counterparts. We propose to examine approaches that will
lead to setting-less protection schemes. Several approaches will be examined: (a) adaptive relaying, (b)
componentstate estimation approach, (c) substation based protection, and pattern recognition based approach.
Each approach will be evaluated with the following criteria: (a) feasibility, (b) dependability, (c) security, (d)
reliability,and (e) speed of protection. It is expected that these approaches will lead to true setting-less protection
schemes.
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Lead Research BPA . . . .
BPA Challenge Organization Sponsoring Project Title & Project Description
Seamless Power System Analytics (S-46G)
The current approach to power system analysis has developed over the last3-4 decades in a piecemeal approach
where the various applications run separatelyusing their own system models and formats. Although thes e tools
have improved, the programs are still builtupon core technologyand software architectures from decades ago,
Power Flow System . : . ) .
A PSERC PL: each developed for its own unigue purpose ratherthan an integrated approach that builds upon state-of-the-art
Components for Grid . !
Obtimization James McCalley a_llg_orlt_hm s, hardware,and modern daymethods fqrdatamanagem ent acrossashar_ed environment. lee_se
p ' (lowa State NO limitations need to be overcome by modern analytical tools thatcan support modernization of the electricity
Automated controls, . . ind hi ) il identifv desi X . sis plath h
System Expansion & University) industry. This projectwill i entlfy esignrequirements to transitiontoa new systems analysis platformthat
T encapsulates a com prehensive power system model with seamless analytics. Design requirements are organized
Optimization ) L ; . ’ . : i
as: (a) types of organizations and analysis needs of each; (b) com puting applications as sociated with each
analysis need; (c) basic functions comprising each com puting application; (d) algorithm/hardware combinations
associated with each function; (e) software architecture designs to facilitate seamless and com putationally efficient
power system analysis.
TIP 282 - Transmission Power How Controls for Bulk Grid Optimization
The projectwill test the hypotheses thata well planed trans mission upgrade adding power flow control to the main
grid can provide an increase to operating transfer capability (OTC) and total transfer capability (TTC), while
maintaining or increasing reliabilityand operating flexibility, at a better benefit/costratio than a new line build
addressing the same constraints. The final goal is to provide a listof projects thathave tested results and are
available for Transmission Planning to move into the Planning Process, as determined appropriate.
Need to understand
what devices are Deliverables:
available, what are BPA = At the end of stage 1 a white paperon modern power flow control applications will be provided. The white
their operating YES paperwill summarize the applications, costs, life cycle, operations, maintenance, and firsthand utility
characteristics, where 2012-2014 experiences with the differentdevices used to control power flow across transmission systems.

to put them, and what
sizes (capabilities) are
needed

= In stage 1 power flow studies will be evaluate the performance of power flow control solutions on the BPA
system.

= |n stage 2 a more detailed set of studies will consider the im pacts to system stabilityand control of the solutions
identified.

= |n phase 3the work moves into a developmenteffort. A feasibilityanalysis ofthe mostpromising projects
identified from phase 1 and phase 2 will be performed.

= For any software enhancements pursued, documentation of the improvementand a presentation will be
prepared for the transmission study staff at BPA. The goal of this deliverable will be to ensure this
enhancementis well communicated to the staff that will benefit from its development.
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BPA Challenge

Lead Research
Organization

BPA
Sponsoring

Project Title & Project Description

Power flow system
components for grid
optimization

University of lllinois
at Urbana-
Champaign

YES

TIP 268 - Verification and Validation of Transient Stability Models and Results

The first goal of this projectis to develop an automated mechanism to verify transient stabilitysimulation
packages, used by BPA for their system analyses, againsteach other. This will be done by simulating WECC
power system modelsin differentcommercial software packages such as GE-PSLF, PowerWorld Simulator,
PowerTech's TSAT and Siemens PTIPSS/E. . The overall objective of this proposed work s to bridge the gaps
identified in BPA's transmission roadmap and further BPA's cause in optimizing their trans mission grid, by
facilitating better planning studies and the consequentoperational enhancements. This will be attained by
increasing the confidence in the dynamic simulation studies of the BPA system, by an integrated software-
verification and model-validation approach.

Deliverables:

Deliverables will include recommendations on how transient stabilitysimulation programs should be modified so
that model validation studies can be carried outwith ease. At each stage gate, all required and applicable reports,
documents and tools will be submitted to BPA for evaluation of sufficientprogress. A final report will be provided,
describing the execution and achievements of the entire project in detail, as well as charting out the future steps
for this work.

A network increases
reliabilityat the cost of
capacity
underutilization and
inefficiency

ARPA-E
Charles River
Associates
International, Inc.
(CRA)

NO

Transmission Topology Control for Infrastructure Resilience to the Integration of Renewable Generation
The CRA team is developing control technologyto help grid operators more actively manage power flows and
integrate renewables byoptimallyturning on and off entire power lines in coordination with traditional control of
generation and load resources. The control technology being developed would provide grid operators with tools to
help manage transmission congestion byidentifying the facilities whos e on/off status mustchange to lower
generation costs, increase utilization of renewable resources and improve system reliability. The technology is
based on fastoptimization algorithms for the near to real-time change in the on/off status of transmission facilities
and their software implementation.

Power flow system
components for grid
optimization

ABB
http://lwww.abb.com

NO

ABB tests out high-voltage direct-current circuit-breakers at their facility

ABB, the large power and automation company, has developed technology that could provide an efficient way to
transmit power from widely distributed solar panels, wind turbines, and other sources of renewable energy. The
new technology is a fast and efficient circuit breaker for high-voltage direct-current (DC) power lines, a device that
has eluded technologists for 100 years. The breaker makes it possible to join high-voltage DC transmission lines
to form a resilient power grid. Within five milliseconds it can stop the flow of a huge amount of power—equal to the
entire output of a nuclear power plant. The breakers could be used to nearly instantaneously reroute power in a
DC grid around a problem, allowing the grid to keep functioning.

http:/www.technologyreview.com/news/507331/abb-advance-makes-renewable-enerqgy-supergrids-practical/
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Power System Stability Controls

Business and Technology Challenges

One of the critical challenges in Transmission Monitoring & Control Systems, is Managing System Disturbances. System reliability and throughput
can be increased by utilizing synchrophasor. It also improves wide area and response based controls. Also, the electric system can be protected
against extreme events by using Synchrophasor data. Human performance and system complexity must be evaluated to minimize reliability risks.

Specific operational challenges include:
» Protection of load voltage, and ensure sufficiency of safety-nets.

= Transformer protection against GIC

Operation and technical needs related to the challenges include:
= Ensure Sufficiency of Safety-Nets: Safety Nets are protective schemes designed to localize disturbances and the uncontrolled loss of

generation, transmission and interruption of customer electric service. They are needed to minimize and reduce the severity of low
probability, unforeseen events to prevent cascading.
= Managing impacts of GIC events (Geomagnetically Induced Current)
- GIC transformer protection strategy
- GIC Reactive control strategy

The following are specific technology capabilities needed:
= Manage RAS-initiated responses to system disturbances such as Generation Drop and Reactive Switching to match the actual system
needs (not the pre-Armed RAS conditions)

= Minimize excessive RAS generation drop
= Sense power system oscillation modes (0.25-0.8 Hz), and mitigate with new oscillation damping equipment

- Modulated Brake, generation controls, HYDC, WACS/RAS enhancements etc.

Technologies capable of dealing with GIC events should be able to manage:

» Increased relative VAR demand
» Increased harmonics that impact reactive support elements of the bulk electrical system (SVC, capacitor banks, and filter groups).

= Increased thermal stress ontransformers due to internal heating by stray flux during the saturated portion of the AC cycle.
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R&D Gaps

Business and Technological Challenges which are not addressed by existing R&D programs:
Manage RAS-initiated responses to system disturbances

Minimize excessive RAS generation drop

Transformer protection for GIC or impending future

GIC Reactive control strategy

Impact of GIC Harmonics on FACTS, HVDC controls, protective relays

abhwpdE

Business and Technological Challenges which are covered partially by existing R&D programs but still require further research and development:
1. Protection of load voltage
2. Ensure Sufficiency of Safety-Nets
3. Managing impacts of GIC events
4. Sense power system oscillation modes, and mitigate with new oscillation damping equipment

Business and Technological Challenges which are covered by commercialized technologies and products, however demonstration or confirmation
studies may be required:
= None
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lll. Power Grid
Optimization

Business
Challenges
(519)

Operational &
Technical Needs
(\I))

Required
Capabilities
(RC)

Technologies

(T)

R&D Programs

BPA Transmission
Technology Roadmap

11I-2. Power System Stability Controls Technology Roadmap

2012 — 2015

BC1 Response-based Control s
Utilize capabilities provided by syncrophasor technology. (S/M/L)

BC2 Wide Area Controls
Using syncrophasor data to protect against extreme events such as blackout etc. (S/M/L)

OC1 Protection of load voltage, and sufficiency safety-nets is a
new world to BPA

OC2Transformer protectionfor GIC or impendingfuture

ND3 DC Ensure Sufficiency
of Safety-Nets

ND4 Managingimpacts of
GIC events

ND1 Equipment upgrade
New controls to existing equipment including DC terminal

ND2 New Equipment
Need new equipment and testing tools to control power system.

i |[RC1: Manage RAS Gen Drop and Reactive Switching to match the | RC4: Increased relative VAR demand I
response to actual system needs (not pre-Armed RAS) Pl

: :|RC5:Increased hamonicsthatimpactreactive
| : & | support elements of the bulk electrical system

| RC2: Minimize excessive RAS generation drop

RC6: Increased themmal stress on transformers due to internal
heating by stray flux duringthe saturated portion ofthe AC cycle

RC3: Sense power system oscillation modes (0.25-0.8 Hz), and mitigate
with new oscillation damping equipment.

T1: Modulated Brake, gen controls, HVDC, WACS/RAS
enhancements etc.

BPA TIP 289 - Wide Area Damping
Control Proof-of-Concept Demonstration
(TRL-6)

PSERC: Data Mining to Characterize Signatures of Impending
System Events or Performance from PMU Measurements (S-44)

BPA TIP 275 - New remedial action scheme (RAS) research
work to avoid cascading caused by intermittent output of
renewable energy resources (TRL-3)

BPA TIP 46: OPERATIONS REAL TIME STUDY
PROCESS IMPROVEMENT (TRL-8)

BPA TIP 35: PNW SMART GRID
DEMONSTRATION PROJECT (TRL-8)

BPA TIP 50: Power system controls-
inter area oscillation damping (TRL-9)

BPA TIP51: Response based voltage
stability controls (TRL-9)

PSERC: Testing and Validation of Phasor
Measurement Based Devices and Algorithms (S-45)

Real Time PMU-Based Stability
Monitoring (S-50), PSERC

PSERC: Impact of Bad Data and Cyber Data
Attack on Electricity Market Operation (M-27)

PSERC: Verifying Interoperability and Application Performance of PMUs and

BPA TIP 244: Advanced life extending control
PMU-Enabled IEDs at the Device and System Level (T-43)

of multiple energy storage solutions (TIP-4)

R&D Programs
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Related Internal and External Projects

BPA Challenge Lead Rgsegrch BPA . Project Title & Project Description
Organization Sponsoring
TIP 50 - power system controls- inter area oscillation damping
This projectwill research devices and control schemes that can greatly improve damping of inter-area power
oscillations. The primaryfocus is on North-South power oscillations, affecting California - Oregon Intertie. The
Oscillation detection; secondaryfocus is on East - West oscillations affecting Montana im ports into Pacific Northwest. The project
Voltage stability methods are the Assessment of Grid Component Capabilities and Investigation of Wide Area Control
(generator voltage BPA PL: YES Configurations.
control tool); effective Dmitry Kosterev
phase angle alarm Deliverables:
and data mining tool. = System-Level Oscillation Damping Controls
= Supply-Side Oscillation Damping Controls
= Demand Side Solutions
= Ambientand Event Based Mode Monitoring
TIP 35 - PNW smart grid demonstration project
Utilization of the The projectexpands upon the region’s experience in the 2006 DOE-funded Pacific NorthwestGridWise™
Demonstration Project on the Olympic Peninsula, which successfullytested demand response concepts and
synchrophasor . ) X X . S : .
technologies. BPA's role is to coordinate with Battelle and participating utilities to develop a smartgrid business
technology can be . - . . X - )
improved by BPA PL: YES casebasedon datafro_m u_tllltleg, customers and projectvendors toinform gcost_benefltanalyms. Lead pu bll_c_ _
Lee Hall outreach and communication with governments (states, Northwestdelegation, Tribes, others), non-partner utilities,

leveraging wide area
and response based
controls

educational institutions, energyand regulatory organizations (WECC, NERC, NWPCC, NWPPA, etc.), the general
public and other regional demonstration projects. Supportresearch and infrastructure design as well as integrating
BPA data streams to the system. Integrate BPA operating units for policy and standards development,resource
planning, wind integration, and coordination with DR programs.
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BPA Challenge L(e)arigal“\:]e;:t?(;(r:]h Spo?iFs)ﬁring Project Title & Project Description
TIP 46 - operations real time study process improvement
This projectuses the innovative Operations Study Process Improvement environmentto investigate options to
reduce unnecessaryrisks and curtailments by accurately modeling near term system conditions for Operations
study engineers following an unplanned outage or during extreme operating conditions. The study automation
system will be designed to assist BPA Systems Operations engineers to calculate a reliable system Operating
Limit (SOL) for real time operation of BPA's critical transmission paths such as the California Oregon Intertie
Protection of load (COI). The system will be builtaround PowerWorld’s Simulator power flow that is used dailyfor off-line studies.
voltage, and
sufficiency safety- BPA PL: YES Key Results/Conclusions
nets and transformer Brian Tuck = Implemented distributed processing to use multiple CPUs to speed up system operating limit studies byup to
protection for GIC or 1000%.
impending future = Improved the software efficiency of the automated system operating limit studies adding an additional 600%
speed improvement.
= State estimator and custom software automaticallygenerate 100 cases a day.
= State estimator based studies use real measurements for more accurate system studies.
= Implemented a power circuit breaker oriented power flow model to find hidden problems.
= Costsavings during unplanned line outage events impacting the northern intertie path (+$665K) and west of
Cascades north path (+$793K).
Protection of load Impact of Bad Data and Cyber Data Attack on Electricity Market Operation (M-27)
voltage, and PSERC PL: This projectinvestigates impacts of bad or malicious data on economic dispatch. Specifically, the project studies
sufficiency safety- Lang Tong NO changes in price and economic dispatch due to state estimation errors caused bymeter malfunction, topological
nets and transformer | (Cornell University) errors, and maliciouslyinjected data by adversaries. The research develops ways of detecting bad/malicious data
protection for GIC or and investigates worstcase attack strategies by adversaries with differentaccess capabilities.
impending future
Protection of load Testing aiid Validation of_Phasqr MeasurementBased iDevices and Algorithms_ (S-45) _
The electric power system is moving towards the Smart Grid (SG) developmentfor improved reliable, secure and
;f/pliage, an;j economic operation. Implementation of such a system requires enhanced testing and validation of smartgrid
nest: ;Crliznt(r:gnssai‘citr)r/ier PSERC PL: teci_inol_ogies as well as oievelop mer_itof_new approaches tofully i_JtiIi;e the capabilities pf thesg techr_iol_ogies. This
protection for GIC or Anurag K Srivastava NO projectis focused on testing and validation of phasor based applications, testing of devices using existing real time

impending future
using the
synchrophasor
technology

(Washington State
University)

hardware-in-the-loop digital simulation testbed, and development of new applications of phasor data. Specifically,
testing of PMU based voltage stability and state estimation algorithms will be performed in realtime; a new
protection approach will be developed and demonstrated for dynamic protection of transformers and itwill be
compared to conventional protection schemes. Comparative testing and analysis of PMU, PDC, and historians will
be performed using existing and enhanced testbed.
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Lead Research BPA . . . .
BPA Challenge Organization Sponsoring Project Title & Project Description
Protection of load Data Mining to Characterize Signatures of Impending System Events or Performance from PMU
voltage, and Measurements (S-44)
sufficiency safety- This projectapplies data mining techniques to characterize signatures of impending system events or performance
PSERC PL ; X . e -
nets and transformer . from PMU measurements. The projectwill evaluate available datamining tools and analyze the ability of these
A Vijay Vittal . ) ; . . )
protection for GIC or . NO tools to characterize signatures of im pending systems events or detrimental system behavior. The use of PMU
- . (Arizona State) . . . . . .
impending future measurements from multiple locations will also be considered. The performance of the data mining tools will be
using the verified by comparing the results obtained for measurements corresponding to know events on the system.
synchrophasor
technology
Verifying Interoperability and Application Performance of PMUs and PMU-Enabled IEDs at the Device and
System Level (T-43)
PSERC PL As aresultof the American Recovery and ReinvestmentAct (ARRA) funding and other unrelated infrastructure
Utilization of the Mladen Kezunovic investmentplans in the utility business itis expected that the number of installed Phasor MeasurementUnits
(Texas AGM (PMUs) and PMU-enabled Intelligent Electronic Devices (IEDs) will dramaticallyincrease. New applications using
synchrophasor ) . NO . . . ) ; .
University) synchronized data will become an important partof the overall power system operation. The risk of using such
technology ; - . ; ; X . o
elaborate high precision measurementinfrastructure requires appropriate testing for interoperabilityand
application performance at both the device and system level to ensure accuracyand consistencyacross multiple
IED types, as well as future scalabilityand upgradeability, hence avoiding the costly infrastructure becoming a
stranded asset.
TIP 289 - Wide Area Damping Control Proof-of-Concept Demonstration
Recentefforts by the Bonneville Power Administration (BPA) have identified control schemes that can mitigate
inter-area power oscillations through increased damping. This projectincludes the frequencysensor specifications,
the communications link specifications, actuation device specifications, and the design of the high level
supervisorycontrol system that monitors system damping and identifies potential failures ofthe damping control
system and takes autonomous corrective action. The goal of this research and developmenteffortis to perform a
proof-of-conceptdemonstration of a wide area damping controller system.
Sense power system
oscillation modes Deliverables:
(0.25-0.8 Hz), and Sandia National YES = Sandia will furnish prototype frequency sensor devices (e.g. PMU’s with updated firmware) to be deployed in

mitigate with new
oscillation damping
equipment

Laboratories

the BPA fiber network. These devices will become BPA property upon conclusion of the contract.

= Sandia will furnish a damping control node consisting of an energy storage device, power electronics, a
com puter control system, and a supervisory control system to be installed atthe Ross ComplexEnergy Storage
Test Facility. This hardware will become BPA property upon conclusion of the contract.

= Sandia and Montana Tech will provide BPA with all software developed under this effort. This includes analysis
code developed for PSLF or MATLAB, as well as all control code that runs on the local or supervisory control
nodes.

= Sandia will provide BPA electronic copies of all reports, workshop briefings, conference papers, journal papers,
test plans, drawings, and testdata developed under this effort.
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BPA Challenge L(e)arlgal“\:]e;:t?(;(r:]h Spo%lzs)ﬁring Project Title & Project Description
TIP 275 - New remedial action scheme (RAS) researchwork to avoid cascading caused by intermittent
Manage RAS-initiated output of renewable energy resources
The objective of this projectis to develop feasible new remedial action schemes (RAS) using synchrophasors and
responses to system . : S . i o o
disturbances Hitachi America on-line contingencyanalysis will be studied. Concept of desired RAS is identified.
L . ' YES
Minimize excessive Ltd. . )
RAS generation drop Deliverables: : . ; :
= Syncrophasor dataanalysis - Issue listand simulation research plan.
= Simulationresearch - Transient stabilitystudy for each case
= Developing conceptof desired RAS - Final report.
Real Time PMU-Based Stability Monitoring (S-50)
We propose new algorithms for real time stabilitymonitoring in a control center environment. Two distinct but
Utilization of the complementary methods are proposed for PMU-bas ed stabilitymonitoring: (a) waveform analysis to extract the
synchrophasor PSERC NO “trending” information of system dynamics embedded in Lyapunovexponents — Is the system approaching
technology instability?, and (b) a real time stability analysis based on energyfunctions for a faulted system — Will the system
remain stable following the fault?. The combination of these approaches will provide a com prehensive and
predictive stabilitymonitoring system thathelp to avoid cascading failures and maximize system reliability.
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V. Transmission Scheduling
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Shorter Duration Scheduling Roadmap

Business and Technology Challenges

There are four major challenges in short duration scheduling of transmission: 1) Forecasting transmission flows in near-term, 2) Sub-hour
scheduling and integration of ancillary energy markets, 3) Difficulty in accommodating variability in demand and supply, and 4) Potential formation of
region-wide energy imbalance market.

Transmission network flows are currently not calculated or predicted, even in one hour in the future. This leaves dispatch in a vulnerable situation,
often waiting until the ramp is over to see how things settle out. Also, BPA is moving to ¥ hour scheduling. Proposed energy imbalance markets will
present challenges to integrating operationally into BPA if they move to 15 or 10 min. markets. Another critical challenge is current scheduling and
dispatch systems have difficulty in accommodating variability in demand and supply. Finally, WECC and regional entities are considering formation
of an energy imbalance market that would change BPA system operations and require interface with a new independent market.

Specific operational challenges include:
= Integration of dispatch, transmission scheduling & hydro scheduling: Closer coordination with scheduling, hydro power operations and
transmission dispatch would provide better understanding of power system impacts of each other's demands and solutions.
= Dispachable renewable resources: Additionally, the system is currently designed for dispatchable resources, but is required to balance
increasing amounts of intermittent resources. The current system cannot be scheduled in an open, flexible, and continuous way.

Therefore, an accurate understanding of the sustainable capacity and energy of within—the-hour resources is needed. The understanding would
include: how resources are modeled and at what time scale? What are the requirements for monitoring performance, dispatch protocols and
extreme events confidence? There is also a need for understanding and acceptance of VGM (Variable Generation Mitigation) and systems and
protocols that support open, flexible, and continuous scheduling.

The following are specific capabilities needed:

» Forecast of VGM Events: Curtail projects only when needed to minimize outage duration.
= Continuously variable start/stop time, scheduling interval, ramp rates at any time
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R&D Gaps

Business and Technological Challenges which are not addressed by existing R&D programs:
1. Systems and protocols that support open, flexible, and continuous scheduling
2. Forecast of VGM Events
3. Continuously variable start/stop time, scheduling interval, ramp rates at any time

Business and Technological Challenges which are covered partially by existing R&D programs but still require further research and development:
1. Accurate understanding of the sustainable capacity and energy of within—the-hour resources
2. Difficulty in accommodating variability in demand and supply
3. The current system cannot be scheduled in an open, flexible, and continuous way

Business and Technological Challenges which are covered by commercialized technologies and products, however demonstration or confirmation

studies may be required:
= None
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IV. Transmission
Scheduling

Business
Challenges
(>1®)

Operational &
Technical Needs
(ND)

Required
Capabilities
(&)

Technologies

(M)

R&D Programs

IV-1. Shorter Duration Scheduling Technology Roadmap

1

BC 1 Forecasting Transmission Flows in Near-Term (0-3 hours)
Transmission network flows are currently not calculated or predicted even
one hour in the future. This leaves dispatch in a vulnerable situation, often
waiting until the ramp is over to see how things setle out. (S)

OC 1 Integration of Dispatch, Transmission Scheduling & Hydro
Scheduling

Need better and closer coordination with Scheduling, Hydro Power Ops and
Tx Dispatch. Better understanding of power system impacts each others
demands and solutions.

BC 2 Sub Hour Scheduling, Integration of Ancillary Energy Markets
(EDT/EIM)

BPA has moved to % hour scheduling. Proposed energy imbalance markets
will present challenges to integrating operationally into BPA if they move to
15 or 10 min. markets. (M)

BC3 Current scheduling and dispatch systems have difficulty in
accommodating variability in demand and supply

ND 1 Accurate Understanding of Sustainable Capacity and Energy of
within the Hour Resources.

How modeled at what time scale?, What are the requirements?, Monitoring
performance, Dispatch protocols and extreme events confidence.

RC 1 Acceptanceof ER
Make contracts more clear and protective to avoid fines and customer
complaints.

OC 2 Dispatchable vs. Intermittent Resources
System is currently designed for dispatchable resources, but
is required to balance increasing intermittent resources.

OC3 The current system cannot schedulein
open, flexible, and continuous way

ND 2 Environmental Redispatch
Understanding and acceptance of ER (Environmental
Redispatch).

N

ND3 Systems and protocols to sup port open,
flexible, and continuous scheduling

RC3 Continuously variable start/stop time, scheduling
interval, ramp rates at any time

RC 2 Forecastof ER Events

Curtail projects only when needed to minimize outage duration.

EPRI: Bulk Power System Integration of Variable Generation -
Program 173 (2009-2011)

IEPRI: Grid Planning - Program 40 (2011) |

BPA Transmission

i BC4 Potential Formation of Region-wide Energy Imbalance Market

: WECC and regional entities are considering formation of an energy

- imbalance market that would change BPA system operations and require
*interface with a new independent market. (L)

Technology Roadmap

Operational Challenge

- Operational & Technical Need - Required Capability - Technologies - Existing R&D Programs
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Related Internal and External Projects

BPA Challenge Lead Rgsegrch BPA . Project Title & Project Description
Organization Sponsoring
Bulk Power System Integration of Variable Generation - Program 173 (2009-2011)
EPRI research and developmentin the area of bulk power system integration of variable generation and
controllable load will produce knowledge and tools thatwill help system operators and planners:
Difficulty in - Understand the impacts of variable generation and controllable load on system reliability
accommodating - Control variable generation and controllable load to minimize operational risks
variability in demand - Design robusttrans mission systems to integrate variable generation and controllable load
and supply, and EPRI NO - Develop system and industrystandards that ensure efficientand reliable operation.
potential formation of
region-wide energy P173.003 Grid Performance and Modeling of Variable Generation and Evolving Power System Resources
imbalance market P173.005 Operator Tools for Scheduling, Reserve Determination, and Frequency Control with Variable Generation
P173.006 Advanced Planning Tools to Study the Impactof Variable Generation and Controllable Loads
P173.007 Evaluation of Potential Bulk System Reliabilitylmpacts of Distributed Resources and Potential Mitigating
Strategies
Grid Planning - Program 40 (2011)
Utilities, transmission companies, and ISOs/RTOs need to plan for future demand growth and provide
transmission services for changing generation portfolios. The challenge of meeting reliabilityrequirements with the
The current system addition of variable generation and allowing demand response as a capacityresource maynecessitate
cannot schedule in transmission planning to reassess planning objectives. Planning for peak load scenarios maynot be sufficient.
open, flexible, and EPRI NO Evaluation of additional scenarios such as low load and shoulder load, as well as intermittent availability of
continuous way for variable resources, mayalso be required. Variable resources have two other characteristics thatneed to be
increasing amounts of addressed in planning: uncertainty, and a regional nature beyond the traditional utility boundaries.
intermittentresources A second focus of this program is to identify and develop solutions and decision-supporttools for planners to deal
with specific technologygaps toimprove overall planning activities. Some projects within the Grid Planning
program use phasor measurementto verify models—the foundation for all simulation and analysis efforts—and
move traditionally offline analysis tasks closerto online real-time analysis.
Th Reducing the Regulatory Barriers to a Transmission Network That Facilitates Renewable Energy
e current system - )
cannot schedule in Frank Wolak, Deployment in a Wholesale Market Regime o . -
open, flexible, and Stephen Boyd and The research.prgposed here Wlll develop aquantltgt[ve mode! thgtseeks to flll these gaps-specificallyfor the case
NO of the transmission upgrades in the Western Electricity Coordinating Council (WECC). The model can also serve

continuous way for
increasing amounts of
intermittentresources

Mark Thurber,
(Stanford Universit)

as a tool for analyzing how various policies, including those aimed atreducing CO2 emissions, will affectthe
optimal configuration of a trans mis sion network. We will com plem entthe quantitative model with qualitative case
studies of the trans mission planning processes in all of the major US electricity markets.
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Wind Generation Scheduling

Business and Technology Challenges

The scale of wind power developments demands that wind generation facilities be able to exert effective control capability in response to grid
requirements such as primary speed-power control, primary voltage control, secondary voltage control and reactive power management. In addition,
communication is another business challenge in wind power plant control. This requires a mechanism for communicating quick reaction commands
enabled by new data sets provided by PMUs.

Operational challenges in wind power plant control include:

Oscillation frequency is drifting lower due to greater inertia on the system.

PMU data cannot be fully used because State estimator runs once per minute.

Insufficient reactive control: Conventional methodologies and study tools may not be sufficient or fast enough to accurately initiate the type
of reactive control currently deployed or may require accurate system models to be effective.

Reactive power assignment: Enable stable and equitable reactive power assignment across multiple plants in a hub

Sub-synchronous frequency control interaction and resonance: Understand risk of sub-synchronous control interactions and oscillation
resonance

Spinning & operating reserves: Balancing Authority ancillary services obligations for wind generators are being filled by other generators on
the system.

Stressed system: Operating the system in stressed conditions increases the probability of severe contingencies or chains of contingencies
that are not considered in traditional system security assessment.

Track Wind Performance for Voltage Control

Operational and technical needs related to those challenges are:

To improve the system control performance characteristics, maintain system reliability, and minimize expenses related to the system
balancing functions, it is necessary to incorporate predicted uncertainty ranges of wind production and load forecasts into the scheduling and
load following processes.

All parties need to use the same forecasts or the same consistent data for their forecasts.

Need for better or more open pricing of variations from generation schedules.

Need for better, more accurate forecasts of wind.

Need to understand and identify ramping capabilities of balancing resources.

Need to be able to factor in balancing resource characteristics into optimization algorithms specific to conditions and resources in the Pacific
Northwest for optimal dispatch.
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= Advanced Forecasting and Monitoring Tools - Advanced tools are needed to monitor rapid changes in wind resources in the near-term
horizon (current time to hour +3) in order to allow system operators and planners to position balancing resources in the best position to
provide balancing services while maintaining very high likelihood of meeting other system operational objectives.

R&D Gaps

Business and Technological Challenges which are not addressed by existing R&D programs:
1. Multi-Scale Wind Generation Scheduling
= Scheduling for wind depends on device and system behavior at multiple time scales. A critical research need is “Multi-Scale Wind
Generation Scheduling”. This should include modeling of the device dynamics, the controls, the system control and markets.

Business and Technological Challenges which are covered partially by existing R&D programs but still require further research and development:
1. Scheduling and Load Following Process
2. Optimization algorithms including balancing resource characteristics
3. Analysis Tool or Study for Location of New Weather Equipments
4. Wind Power and Awareness Display Tools

Business and Technological Challenges which are covered by commercialized technologies and products, however demonstration or confirmation

studies may be required:
= None
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Senequmes O IV-2. Wind Generation Scheduling DR/ Transm ssion

Technology Roadmap

2013 — 2016

: -

: " " : |

: 1 . " " m—

: | BC2 Incentives are not in place to encourage wind generators I E) [RELIGE e i) @ i) (Hemey IR B . ) : BC1 Reliably integrate the region’s renewable 1
BU Sin ess : | to schedule according to consistent and accurate forecasts B_yth_e nature of van_able generatlo_n_ resources, they can result in rapid ‘_':md_ : ESEUTEE I

: 1 | significant changes in output, requiring balancing resources to respond in kind. : :

: L L e e e e e o s o S s e i s s s

Challenges
(1®)

ey cewimmmmm s wn s mmm o S AR AR AR R AR R F

OC3 Forecast Error
Errorin wind speed and power factors lead to uncertainty in total wind power production. [ BC3]

OC4 Geographic Diversity

: Take advantage of geographic diversity to better
OC2 Balancing Resource Value integrate wind.

Value of balancing resources for variations from BC1 BC3
generation schedules is unclear. BC2, BC3] [ : ]

f

OC1 Scheduling Error
Actual load and intermittent generation can deviate
substantidly from their schedules. [ BC2, BC3]

ND1 Improve System Control Performance

To improve the system control performance ND5 Ramping Capabilities :

charadteristics, maintain system reliability, and Need to understand and identify ramping r - — ND6 Identify Geographic Locations

minimize expenses relaed to the system capabilities of balancing resources. [ OC2, OC3] | : ND7 Advanced Forecasting and Monitoring Tools Identify geographic locations with complementary

balancing functions, it is necessary to : Advanced tools are needed to monitor rapid changes in wind weather patterns for wind farm development. [OC4]
resaurces in the near-term horizon (current time to hour +3) in order

incorporate predicted uncertainty ranges of
wind production and load forecasts into the

Op erational & scheduling and load following processes
. [OC1, OC2 ]
Technical Needs
ND2 Consistent Forecast Data:
(N D) All parties need to use the same

ND3 Pricing Schedule Variation: Need for
better or more open pricing of variations from
generation schedules [ OC2]

to allow system operators and planners to position balancing
resaurces in the best pasition to provide balancing services while
maintaining very high likelihood of meeting other system operational
dbjedives. [ OC1, OC2,0C3]

ND4 Balancing Resource Optimization: Need
tobe able to factor in badancing resource
characteristics into ogptimization agorithms

forecasts or the same consistent : ™ it ;
: i | specific to conditions and resources in the —
data for their forecasts. [ OCLOCS3] | : | pacific Northwest for optimal dispatch. [ OC2] RC4 Transmission Access .
: : Patential locations need access to transmission
RC1 Improve Scheduling P M A A A e corridors and not contribute to congestion. [ND6]
Processes: Scheduling and load
Req uired following processes that are capable RC3 Balancing Resource Characteristics: Identify e e e e e e e e I
ey el of using arange of wind uncertainty char«:-_)cteristics _o_f_balancing resources incl_uding | : : :
Capabl lities and forecasts [ND1] ramping capabilities, and develop a practical process I: |RC5 Optimal Positioning of Weather Observation Equipment .
RC enabling open pricing [ND3, ND4, ND5] I : | The determination and recommendation of optimal locations in the : RC7 Wind Forecast Display Design !
( ) I : | region for the placement of realtime weather observational The novel, efficient and effective design and :
RF:Z Commgn system modeling 1 |nstrumentan?fn that ’s\‘Llle7ports wind power forecasting and situation layout of wind power forecasting and d
with compatible database. [ ND2] 1: jawaeness € orts. [ ND7] : | situational awareness displays for real-time | |
1 ! [res Optimum Ty pes of Equipment : and planning operational decisions. [ ND7] I
1 The determination and recommendation of the optimum type of I
TeChno | o .eS grommonne e .. : : | instrumentation to be installed, be it Anemometers, LIDAR, SODAR : 1
| : : 3 3 : ! |or other techndogies. [ ND7] :
g : T2 Accurate Wind Forecasting Model with Common ; T3 Optimization algorithms including 1 : 1
(M : | Database.[ RC1,RC2] : balancing resource characteristics. [RC3] R T ] B I e D e e 1
: | T1 Improved Schedulingand Load Following Process ; :
3 [RC1] : T4 Analysis Tool or Study for Optimal Location T Wind Power and Awareness
of New Weather Equipment. [RC5, RC6] SNl [RE7

: : Catching Wind by the Tail Improving Intermittent Power
Reducing the Regulatory Barriers to a . h . L
TranamEaEn Neweik e Eaelicies Operatlgns with Sensing, St?tlStIC'S and Control
R&D PrOg rams Renewable Energy Deploy ment in a Ram Rajagopal, Stanford University Scheduling for wind depends on device and system behavior at
Wholesale Market Regime Integration of Storage Devices into Power | | multiple time scales. A critical research need is “Multi-Scale Wind

Look-Ahead Coordination of Variable ; ) ; f . . .
- Systems with Renewable Energy Sources Generation Scheduling”. This should include modeling of the device
S Tl Siane (e e BPA TIP 256 - EPRI40.019 Strategic and | | Resources for Providing Electric Energy | | &40y, PSERC o dynamics. the controls, the system control and markets

LB, SEAE SiEE T Flexible Transmission Planning (TRL-5) and Regulation Services
Dr. Le Xie, Texas A&M

. . . . - . . Non-Existing R&D P
Operational Challenge - Operational & Technical Need - Required Capability - Technologies - Existing R&D Programs - (C(;);ps)xlsmg rograms
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Related Internal and External Projects

BPA Challenge

Lead Research
Organization

BPA
Sponsoring

Project Title & Project Description

Balancing Authority
ancillary services
obligations for wind
generators are being
filled by other
generators on the
system.

EPRI

BPA PM:
Stan Williams
Anders Johnson

YES

TIP 256 - EPRI 40.019 Strategic and Hexible Transmission Planning

This projectwill continue work donein 2011 in P40.019 in two related areas. The firstis transmission planning,
which considers both economic and reliabilityas pects in one process and the evaluation of system flexibility to
respond toincreased ramps in demand caused byan increase in variable generation. This will include ensuring
that transmission is considered in measuring flexibilityadequacyand the ability of newerresources such as
demand response and storage to offer flexibility. Flexibility metrics will be proposed so thatthey can be adopted by
bodies such as NERC to ensure flexibility adequacyin systems aiming for high penetrations of VG. Case studies
will be extended from 2011 work to show the need (or otherwise) of such a metric.

Deliverables:
= Metrics to determine the flexibility needs and resources in a system, considering new and existing flexibility
resources as well as the transmission network in a system
= Results from case studies thatshow the need to consider balancing reliabilityand economics and
im provements that can be made by using the framework developed.
= |dentification of the proper consideration of flexibility in system resource planning byusing case studies to show
the value of flexibility
= A better understanding ofthe flexibility offered by demand res ponse and how this com pares with other flexible
resources in managing variabilityand uncertainty

Balancing Authority
ancillary services
obligations for wind
generators are being
filled by other
generators on the
system.

Stanford University
PL:
Ram Rajagopal,

NO

Catching Wind by the Tail Improving Intermittent Power Operations with Sensing, Statistics and Control
The projectseeks approaches toincrease the penetration of wind energy production by decreasing the planning,
safety and operating costs due to wind uncertainty for system operators, large farm operators and small local
generation operators.

Balancing Authority
ancillary services
obligations for wind
generators are being
filled by other
generators on the
system.

Texas A&AM
University PL:
Le Xie

NO

Look-Ahead Coordination of Variable Resources for Providing Electric Energy and Regulation Services
The objective of Xie's research is toinvestigate a novel look-ahead operating paradigm which enables the
participation of variable energy resources such as wind and solar powerin both energy balancing and a variety of
ancillaryservices, which are necessaryforreliable operations in power grid.
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Lead Research BPA . . . .
BPA Challenge Organization Sponsoring Project Title & Project Description
Balancing Authority Integration of Storage Devices into Power Systems with Renewable Energy Sources (S-40)
ancillary services The recent advances in the state of the art of storage technologyhave led to wider deploymentof storage
obligations for wind technologies. This projectwill develop models and a simulation methodologyfor analyzing the effects of storage
generators are being PSERC NO integration on transmission constrained electricitymarkets over longer-term periods. Ourgoal is to assess theuse

filled by other
generators on the
system.

of storage as a system resource that provides the flexibility to mitigate the effects of variable renewable energy
sources, improves the overall system reliability, and has the ability to provide energy- and capacity-based ancillary
services. The methodologycan be implemented into practical tools to quantify the system variable effects.
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Outage Management Roadmap

Business and Technology Challenges

Another critical challenge in Transmission Scheduling is Outage Management. System constraints and growing demand make attaining outages
difficult. The current outage management system is not well coordinated. The critical challenge is to maintain and improve the physical grid while
delivering the transmission services and capacity that our customers need.

Specific challenges include:
» Increased pressureto replace equipment ‘Hot' (without an outage)
» Increased difficulty to take outages on power system equipment and lines: Insufficient capacity and increasing demand reduces planned

outage windows
= Optimal outage management: The current practices do not allow optimal outage management of the transmission system in terms of low
cost and reliability. Outage season has been reduced to just 2 months, October and November to accomplish 12 months of work.

Therefore, a work management system is needed that will schedule maintenance work, outage balance, labor, and consolidate locations. The
system should upload and download specifications and standards, provision all necessary parts and supplies (inventory rig), update labor times to
work order system, and restack the schedule if necessary.

Additional needs include: an outage management coordination system to integrate proposed outages (DART), power flow, PUF tables, into a
simple tool for Outage Dispatchers to assess impact of proposed outages before they are approved. It should also collect outage information from
other utilities that impact BPA transmission. SYS OPS power flow study engineers and others need access too. We also need the ability to perform
more system maintenance without outages.

A required capability would be the ability to check combinations of outages, against impact to transmission path flows and system operating limits
without performing a full study.
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R&D Gaps

Business and Technological Challenges which are not addressed by existing R&D programs:
1. Integrate proposed outages (DART), power flow, PUF tables, into a simple tool for Outage Dispatchers to assess impact of proposed

outages
2. Optimal outage management

Business and Technological Challenges which are covered partially by existing R&D programs but still require further research and development:
1. Increased difficulty in taking outages on power system equipment and lines

Business and Technological Challenges which are covered by commercialized technologies and products, however demonstration or confirmation

studies may be required:
= None
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V. Transmission
Scheduling

Business
Challenges
(BC)

Operational &
Technical Needs
(ND)

Required
Capabillities
(®)

Technologies

(T)

R&D Programs

IV-3. Outage Management Technology Roadmap

BPA Transmission
Technology Roadmap

BC1 Preserve Transmission Capacity Inventory while Maintaining the Grid
System constraints and growing demand make attaining outages difficult. (S/M/L)

OC 1 Outage Constraints

a) Increased pressure to replace
equipment ‘Hot’ (without an outage),
b) Pressure to minimize outage
windows — complete work in shorter
timeframe than desired, and c)
Increased difficulty to take outages
on power system equipment and
lines. (S)

OC 2 Optimization model

The current practice cannot allow
optimal outage management of the
fransmission system regarding low
cost and reliability. Outage season
has reduced to just 2 months
October and November for 12
months of work (S)

BC2 Outage Management Coordination
Lack of outage management and coordination. (M)

A

| ND4 Forecasting Conditions for Outage Periods

ND1 Work Management System
i] Schedule Maintenance work, Outage Balance, labor, Schedule consolidating locations. Upload/download necessary specifications and
: | standards. Provision all necessary parts and supplies (inventory rig). Update labor times to WO System. Restack schedule if necessary

:IND2 Outage Management Coordination
i | Develop a simple system to integrate proposed outages (DART), power flow, PUF tables, into a simple system for Outage Dispatchers to
assess impact of proposed outages before they are approved. Also collect outage from other utilities that impact BPA transmission. SYS
OPS power flow study engineers and others need access too.

§|ND3 Ability to Perform more System Maintenance without Outages |

RC1: check combinations of outages, against impact to transmission path flows and

system operating limits without performing a full study.

BERKELY (DR. OREN): Optimization through transmission

switching

Operational Challenge

. . . - : . Non-Existing R&D Program
- Operational & Technical Need - Required Capability - Technologies - Existing R&D Programs - (C?apS)XISI g R& ograms
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Related Internal and External Projects

BPA Challenge Lead Re_search BPA . Project Title & Project Description
Organization Sponsoring
Increased pressure to 1. Ongoing Research
replace equipment Optimization through trans mission switching
‘Hot’ (without an Ref:
outage), and University of Hedman, Kory W., Richard P. O’'Neill, Emily Bartholomew Fisher,and Shmuel S. Oren, "Optimal Transmission

increased difficulty to California, Switching - Sensitivity Analysis and Extensions,"|IEEE Transactions on Power Systems , Vol. 23, No. 3, (2008) pp

take outages on Berkeley PL: NO 1469-1479.

power system
equipment and lines
because of insufficient

capacity and
increasing demand.

Shmuel Oren

Hedman, Kory W., Richard O'Neill, EmilyBartholomew Fisher,and Shmuel S. Oren, "Optimal Transmis sion

Switching with Contingency Analysis", IEEE Transactions on Power Systems , Vol. 24, No. 3, (2009) pp 1577-
1586.
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Congestion Management Roadmap

Business and Technology Challenges

Congestion management is another critical challenge in transmission scheduling. Generally, the challenge is to reduce congestion by increasing
capacity of the transmission system without extensive capital investment.

Specific challenges for BPA are:
= Difficulty in identifying drivers for congestion and determining congestion costs for expansion planning purposes given the increases in wind

generation, changes in system operating limits, a potential Energy Imbalance Market, and possible new energy storage and demand

response resources.
= Increasing transmission congestion on the FCRTS requires system operations to become proactive in identifying and managing congestion.

To address those challenges we need to:
» Provide alternatives to curtailment
= Use power flow controls on critical circuits to manage congestion
= Develop day-ahead and hour-ahead forecasting of congestion
= Develop the ability to assess path capacity in near time or real time: It is estimated that the daily average capacity grid utilization rates are
typically only 40% to 60% of theoretical capacity. Some of this unused capacity could be recovered through peak shifting.

Capalbilities needed to meet those challenges include:
= Improved tools for running studies in real-time, including static and dynamic security assessment.
= Better forecasting tools for load, generation, and line temperatures. A supporting technology would be line temperature monitoring that could
indicate line capacity utilization and help determine which lines can be taken out for maintenance work and load optimization.
= New power electronic devices that would enable dispatchers to control power flows more directly.
= Demand response: Peak shifting would require transitive signals to enable devices to increase electricity use during low demand periods

and decrease electricity use in high demand periods.
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R&D Gaps

Business and Technological Challenges which are not addressed by existing R&D programs:
1. Develop the ability to assess/forecast path capacity/congestion in near time or real time
2. Ability to make available all real time transmission capacity

Business and Technological Challenges which are covered partially by existing R&D programs but still require further research and development:
Power flow controls on critical circuits to manage congestion

Improved tools for running studies in real-time, including static and dynamic security assessment

Better forecasting tools for load, generation, and line temperatures.

New power electronic devices that would enable dispatchers to control power flows more directly.

Demand response

ohrwphPE

Business and Technological Challenges which are covered by commercialized technologies and products, however demonstration or confirmation

studies may be required:
= None
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V. Transmission
Scheduling

IVV-3. Congestion Management Technology Roadmap

BPA Transmission

Business
Challenges
(519)

Operational & §
Technical Needs §
(ND)

Required
Capabilities
(RC)

Technologies

(T)

R&D Programs

2012 — 2015

BC1 Transmission System Capacity

Increase capacity of the transmissionsystem without extensive capitalinvestment.

OC1ForecastingDrivers for Congestion & Congestion Costs

BPA has difficulty in identifying drivers for congestion and determining
congestion costs for expansion planning purposes given the increases in

OC2 Increasing Tran

wind generation, changes in system operations (SOL, EIM) and new storage

and DR resources.

smission Congestion

Increasing transmission congestion on the FCRTS requires System
Operationsto become proactive in identifying and managing congestion.

I ND1 Provide Alternatives to Curtailment

|ND3 Day-ahead and hour-ahead forecasting of congestion

ND Peak Shifting

It is estimated that the daily average capacity grid utilization rates are
typically only 40% to 60% of theoretical capacity. Some of this unused

capacity could be recovered through peak shifting

ND2 Power flow controls on critical circuits to manage congestion | :

| ND4 Need to be able to assess path capacity in near time or real time

dynamic security assessment;

RC1 Improved tools for running studies in real-time, including static and

RC2 Better forecasting tools for load, generation, and line temperatures I

Sa

power flows more directly.

RC3 New power electronic devices that would enable dispatchers to control

T1: Monitor Line Temperature
Monitor line temperature with increasing capacity.

- Determine what lines can be taken out for work and optimize load.

I RC Demand Response

| Peak shifting would require transactive signals to enable devices to increase electricity use
I during low demand periods and decrease electricity use in high demand periods.

BPA TIP 244: Advanced life extending control of multiple energy
storage solutions (TIP-4)

PSERC: Next Generation On-Line
Dy namic Security Assessment (S-38)

PSERC: Quantifying Benefits of Demand Response and Look-
ahead Dispatch in Support of Variable Resources (M-26)

ARPA-E: Highly Dispatchable and Distributed Demand Response
for the Integration of Distributed Generation

PSERC: Coupling Wind Generation with Controllable Load and

Storage: A Time-Series Application o

fthe SuperOPF (M-22)

PSERC: Design and Valuation Design and Valuation of Demand Response Mechanisms and
Instruments for Integrating Renewable Generation Resources in a Smart Grid Environment (M-23)

ARPA-E: Transmission Topology Control for Infrastructure

Resilience to the Integration of Renewable Generation

PSERC: Tools and Techniques for Considering Transmission Corridor
Options to Accommodate Large Scale Renewable Energy Resources (S-41)

Operational Challenge - Operational & Technical Need - Required Capability - Technologies - Existing R&D Progr

Non-Existing R&D Programs
(Gaps)
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Related Internal and External Projects

BPA Challenge Lead R‘?Se"?‘mh BPA . Project Title & Project Description
Organization Sponsoring
TIP 244 - Advanced Life Extending Control of Multiple Energy Storage Solutions
BPA has difficultyin This projectincludes advanced “life extending control” and coordination of multiple energystorage solutions to
identifying drivers for maximize costeffective energy production, reduce dependencyand strain on the hydro-power system by buffering
congestion and from variable renewables, reduce spinning reserve and peak load problems, increase transmission capacityand
determining help stabilize power quality disturbances.
congestion costs for
expansion planning BPA PL: Key Results/Conclusions:
purposes given the - YES The OSU WESREF in-lab grid, established through BPAfunding, significantlybenefits controller development while
; L Stephen White . 2 . : ;
increases in wind enabling hardware verification. The in-lab grid features an emulated wind farm, energystorage systems
generation, changes (supercapacitors, flow cell battery, and pumped hydro), traditional hydro generation resources, and local loads.
in system operations These models show the promise of significant contributions to life extending control (LEC) algorithms that can
(SOL, EIM) and new integrate RDI models and dispatch resources, including energystorage resources, in amanner that would
storage and DR optimize hydro performance and overall system economics. It was also demonstrated thattransmission
resources. congestion can be alleviated by adding energystorage devices and demand response loads to key locations on
the grid.
BPA has difficultyin Highly Dispatchable and Distributed Demand Response for the Integration of Distributed Generation
identifying drivers for AutoGrid, Inc., in conjunction with Lawrence BerkeleyNational Lab and Columbia University, will design and
congestion and demonstrate a highly distributed Demand Response Optimization and Management System for Real-Time
determining ARPA-E NO (DROMS-RT). The project will enable “personalized” price signals to be sentto millions of customers in extremely
congestion costs for AutoGrid, Inc. shorttimeframes. This will allow customers to reduce their demand when the grid is congested. DROMS-RT is
expansion planning expected to provide a 90% reduction in the costof operating demand response programs in the United States.
purposes given DR
resource
Improved tools for Transmission Topo!ogy Cpntrol for Infrggtructure Resilience to the Iptfegration of Re.n.ewable Generatiqn
running studies in ARPA-E Charles_ RlverAss_omates will _develop decision support technolc_)gytha_t will im prove the efﬂmenc_y of the electrical
real-time, including Charles River NO grid _by im plem enting appropriate shortterm changes pftra_nsmlssmn Il_ne_status, ie., _by controlling the _
. ' h . configuration of the transmission grid. The changes will relieve trans mission congestion, as well as provide
static and dynamic Associates

security assessment

additional tools and controls to operators to manage uncertainty, thus enabling higher levels of renewable
generation.
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Lead Research BPA . . . .
BPA Challenge Organization Sponsoring Project Title & Project Description
Next Generation On-Line Dynamic Security Assessment (S-38)
This projectaddresses five elemental as pects of analysis for the enhanced performance of on-line dynamic
Need Improved tools . . . - ; ; 4 .
f - o PSERC PL: security assessment. These five elemental componentsincludes;a) A systematic process to determine the right-
or running studies in . . ; . S ; .
real-time, including \ﬁjay Vittal NO sized dynaml_c equn/_alentfor the phenom enonto be_ a_malyz_ed, b)_ E_mploylng r!sk based a_naly5|_s to sele_ct multi-
. ' . (Arizona State elementcontingencies, c) Increased processing efficiencyin decision-tree training, d) Using efficient trajectory
static and dynamic X : S L X - . T
security assessment University) sensitivitymethods to evaluate stabilityfor changing system conditions, and e) Efficient determination of the
y appropriate level of preventive and/or corrective control action to steer the system away from the boundary of
insecurity.
Difficulty in identifying Coupling Wind Generation with Controllable Load and Storage: A Time-Series Application of the
drivers for congestion SuperOPF (M-22)
and determining The objective of this projectis to evaluate the effects of using controllable load and storage to offset the effects of
congestion costs for intermittentwind generation on overall system performance and on the operating costs and revenues for different
expansion planning PSERC PL: loads and generators. This task will be accomplished by enhancing the current capabilities of the SuperOPF
purposes given the Tim Mount' NO developed at Cornell to model sequential time periods that capture the effects of daily load cycles and the ability to
increases in wind . . shiftload amongtime periods.
; (Cornell University)
generation, changes
in system operations
(SOL, EIM) and new
storage and DR
resources
Difficulty in identifying Tools and Techniques for Considering Transmission Corridor Options to Accommodate Large Scale
drivers for congestion Renewable Energy Resources (S-41)
and determining PSERC PL: The projectdevelops assessmenttools and techniques for considering transmission corridor options to
congestion costs for Vijay Vittal NO accommodate high levels of penetration of renewable energyresources.
expansion planning (Arizona State
purposes given the University)

increases in wind
generation
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BPA Challenge

Lead Research
Organization

BPA
Sponsoring

Project Title & Project Description

Difficulty in identifying
drivers for congestion
and determining
congestion costs for
expansion planning
purposes given the
increases in wind
generation, changes
in system operations
(SOL, EIM) and new
storage and DR
resources

PSERC PL:
Le Xie
(Texas AGM
University)

NO

Quantifying Benefits of Demand Response and Look-ahead Dispatch in Support of Variable Resources (M-
26)

The objective of this projectis to conducta first-of-its-kind em pirical study on the benefits of combining look-ahead
dynamic dispatch with price responsive demands for integration of variable energy resources. Based on substation
level demand response data and site-s pecific wind generation data from ERCOT, this project will develop
algorithms and a case studyto quantify (1) the price elasticityof demand for typical users, and (2) the economic
benefitof look-ahead dispatch with price responsive loads. To our knowledge, this is the first study to estimate
demand response atthe customer level for a U.S. regional system operator. Moreover, we will combine the look-
ahead dispatch with the price responsive demand to quantify the system-wide benefits..

Difficulty in identifying
drivers for congestion
and determining
congestion costs for
expansion planning
purposes given the
increases in wind
generation, changes
in system operations
(SOL, EIM) and new
storage and DR
resources

PSERC PL:
Shi-Jie Deng
(Georgia Institute of
Technology)

NO

Design and Valuation Design and Valuation of Demand Response Mechanisms and Instruments for
Integrating Renewable Generation Resources in a Smart Grid Environment (M-23)

We propose toinvestigate alternative contractual based approaches to the design and valuation of demand
response (DR) mechanisms and instruments aimed ataddressing the ancillaryservice (AS) challenges associated
with integrating an increasing quantityof intermittentrenewable generation resourcesinto a power grid. For our
investigation, we will develop a methodologyfor simulating systems with integrated renewable and DR resources
over longer periods. The methodologywill be effectively used to study how different DR mechanisms and financial
instruments can facilitate the integration of DR programs into ISO markets and provide the much needed AS
supportto the intermittentrenewable generation.
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V. Work Force Enhancement

BONNEVILLE POWER ADMINISTRATION - TRANSMISSION TECHNOLOGY ROADMAP W 75



December 2012 m 76



Work Force Utilization Roadmap

Business and Technology Challenges

The Work-Force Efficiency roadmap includes six business challenges and nearly a dozen operational challenges.

Business Challenges Include:

Miss-operations and human error in system protection equipments causes for initiating automatic transmission system outages. (NERC
Reliability Indicators)

Workforces systems to help manage workforce schedules

Workforce has the skills and knowledge to minimize errors that compromise safety system reliability and ability to maximize FCRPS
usages and availability

Maximize skilled workforce, workers must have the skills needed to keep up with technological advances

Compliance with NERC Standards The new revision of TPL-001-3 Standards will greatly increase the amount of transient stability
studies required over a wide range of power system conditions

Operational Challenges Include:

Workforce scheduling of outages is increasing while windows of opportunity are shortening.

Human error e.g. inadvertent operations, switching errors, etc....

Expedite and improve processes to reduce compliance burdens

Continual studies to review RAS and SPS controls resulting from the Pacific Southwest outage in Sept. 2011
Increasing need to perform high volume transient stability studies

Having studies to support operating procedures, such as oscillation damping

Compliance drifts due to outside distraction & familiarity can lead to lack of attention or focus resulting in errors.
Increased system complexity and new technologies can lead to increased human error

A Changing W orkforce where employees retire or change positions leaves skill gaps in the organization
Increasing number of new resources coming online e.g. wind, which may not be as responsive to frequency or voltage as conventional
resources.

Having forecasts of load, generation, and outages early enough to run next day and current day studies
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R&D Gaps

Business and Technological Challenges which are not addressed by existing R&D programs:

1. Procedure check
= Bar codes and readers that prompt and check correct sequence work procedures

Business and Technological Challenges which are covered partially by existing R&D programs but still require further research and development:

1. Smartlocks
= Knowledge management system

Business and Technological Challenges which are covered by commercialized technologies and products, however demonstration or confirmation

studies may be required:
= None
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b orkforce V-1. Workforce Utilization Technology Roadmap oPA Transmission

Enhancement Technology Roadmap
BC1 System protection from misoperations and BC3 Upgrade Workforce Skills. Ensure the BC4 Ensure compliance with NERC BCS5 Load modeling studies
Human Error .These are leading causes for Worlforce has the skills and knowledge to advance Standards. The new revision of TPL- ;
T : N . > - A . Studies are needed to better understand
. initiaing automatic transmission system outages. BC2 Better Workforce Scheduling:. with technology and m|n|m|zelglln][nate errors that 001-3 Standard; will greg.tly increase the the implications of changing load
Business (NERC Reliability Indicators) Systems to help manage workforce | | compromise safety, system reliability and BPA’'s amount of transient stability studies characteristics on system stability
Ch ” schedules ability to maximize FCRPS usage and availability. required over a wide range of power
allenges system conditions
OC8 Compliance drift due to familiarity - OC1Workforce scheduling gC4lRAS & EPS Cont_roIsR odial Ad 0C3 Reduce Compliance Burden
Familiarity with procedures and tasks OC9 Increasing System Volume of scheduled outages is ontinue studies to review Remedial Action Expedite and improve processes to
become so great that itlead to lack of Complexity increasing while windows of SdnEE .anfj SWEIE Azl SEnzE - reduce burden of compliance. [BC4]
attention or focus resulting in errors. [BC1] New technology and greater opportunity are shortening. [BC2] controls in light of September 8 2011 Pacific
system complexity increases Southwest outage. [BC3, BC4] OC13 Provide Timely Forecasts
OC7 Compliance drift due to distractions the opportunity for human i s 4 ————————— OCL1 New resources g Provide forecasts of IZad
Outside distraction can lead to lack of error. [BC1, BC3] o OC10 Evolving workforces New resources (like wind) are coming ErElEn. £TE G 'soon
attention or focus resulting in errors. [ BC1] | §| ND1 Automation for tracking and Employees retiring and changing online, but may not be as responsive to gﬁoﬁgi (i)n ’agvangg ?gfﬁnsﬁgxt day
i | viewing outage requests. [OC1] positions produces gaps in avalable frequency and voltage management as X
— I: . skills for certain areas. [BC3] conventional resources. [BC4] and currentday studies [ BC5]
OC2 Human Error ! ND2 Work Management System A
Including switching errors and inadvertent I : | The system should be able to Schedule ; ;
operations. [BC1] I : | Maintenance work, Outage Balance, - = QG Al el e e
I} | labor, Schedule consolidaiing locaiions. OC6 Operating Procedures Continue stability studies
I | Uploadidownload necessary iy e studies to support operating There is an increasing need to
I i specifications and standards. Provision : : procedures, dealing with issues such as perform high volume transient
I ND4 Work tools i | all necessary parts and supplies ND7 Capture experience of : oscillation damping. [BCA4] stability studies.
. i As technology advances, employees tools * | (inventory rig). Update labor times to | retirees : [BCS]
Operatlonal & must dso advance. For example, new i | Work Order system. Restack schedule if i| capture undocumented knowledge | :
Technical Need I | software tods can multiply productivity i | necessary. [ OC1] | of people learning necessary to ‘
echnnica eedas : [OC2, OC9] : < : | transition to the new workforce s
Ty T R ‘roc10 : £ -
(N D) ———————————————————————————————— il 1 : [ ] i : | ND6 feed-forward operation when a pre-
T N P S P PP P ‘ ............................................... - ﬂ i ; i | determined set of studies is performed
ND3 Awareness training ND5 Improve human error barriers and quality control audits : ND9 Succession planning : | [OC5, oce]
‘J Awareness training needed to eliminate or Effective barriers to human error : !| Need proactive rather than reactive
sl minimize compliance drift and inadvertent improve physicad barrier (needed/used), improve process barriers, :] succession planning. [OC10] ] - -
. operations. [ OC2, OC7, OCS8] increase automated auditions of configuration setting in programmable H : : g[‘;‘ﬁtf;ﬁde?ﬁfk a%pﬁgé;telgr:)a\:lshe%nosnezﬁef rsetgﬂlltess
Requn‘ed : devices, improve and increase human barrier audits and reinforcing error 2 e ey et = re\?iousystu:j set
Ppeyn reducing procedural requirements. [OC7, 8 and 9] z : [OC5p ocs] y
Capabilities : : :
......................................................... I = wu v w wmm i w W NG EE NG WEE N RSN RN SR AN RN NS EEERIEEES RSN RN AERIE AR R G AR, : :
(R C) - - - - RC4 Success'on plan elements N NN I NN EE N NN EE NN NN N NN N AN NI EEEEIEEIEEEEIEEEEIEL
RC2 Single schedule for multi-site projects Improve training, education, recruitnent and contracting
Show schedules for all WOS in a project in a single schedule [ND7, ND9]
[ND2] :
RC3 Human behavior audits RC1 Automation system would show how
-Increase auditing to include more critical work process es outage requests stack up or conflict
. -More standardization of auditing practices [ND3, ND5] [ NC1, ND2, ND4]
Technologies
(T) T 1Procedure check T3K od
Bar codes and readers that prompt and check correc sequence work IT 2 Smart locks I I DEOWSEHE METEERMETE SYEET I
procedures
R&D PrOg rams EfPSAu-:;I;;iS:n_EEPLﬁI ;infilszrgﬁ (S_lt_;?_'ess) BPA TIP 239 Power Transformer Winding Resistance Demagnetizer
quip BPA TIP 25 - EPRI Program 37 Substations BPA TIP 25b - EPRI TC: Testing Guidelines and Utility The project objective was to advance the development of the prototype
- (TRL-5) Practices for Multi-vendor Substation Equipment and Power Transformer Demagnetizer Test Set— specifically to prepare the test
EPRI Program 69 Maintenance Systems Based on IEC 61850 Standard (Phase 1) (TRL- set for commercialization. (TIP-9)
Management & Technology 5)
—

Operational Challenge - Operational & Technical Need - Required Capability - Technologies - Existing R&D Programs - (Ncg’:F;E)XIStIng R&D Programs
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Related Internal and External Projects

BPA Challenge

Lead Research
Organization

BPA
Sponsoring

Project Title & Project Description

Compliance with
NERC Standards The
new revision of TPL-
001-3 Standards will
greatly increase the
amount of transient
stability studies
required over a wide
range of power
system conditions

EPRI

BPA PM:
Richard Becker
2010 - 2011

YES

TIP 25 - EPRI Program 37 Substations

This EPRI program spans the full breadth of technologies found within both trans mission substations & generation
switchyards. EPRI's Substations Program offers the mostcom plete portfolio of globally available technologies and
tools for utility personnel involved in making strategic and tactical decisions for substation as set utilization and
maintenance.

Compliance with
NERC Standards The
new revision of TPL-
001-3 Standards will
greatly increase the
amount of transient
stability studies
required over a wide
range of power
system conditions

EPRI PI:
Ashel Schiff

BPA PM: Leon
Kempner Jr.
2009 - 2012

YES

TIP 25a- EPRI TC: Seismic Studies of Substation Equipment

EPRI will selectthe item(s) of equipmentthatis (are) to be tested for each year. EPRI establishes equipment
supportstructure specifications and vibration testrequirements, electrical equipmentspecifications, and test
specifications. EPRIwill select a vibration testing facility (and electrical testing laboratory, if required) to perform
tests and EPRI draws a contract for laboratory services. The manufacturer and the testing laboratory prepare
qualification documentation for the equipmentthatis qualified following IEEE 693 requirements

Key Results/Conclusions:

- Acceptance Criteria for Qualifying Hollow-Core Composites

- Qualifying Components with Complex Geometry, Non-Linear Response, or Non-Measureable Failure Modes
- Sine Beat TestProcedure

- Table Impulse to Excite EQquipmenton Shake Table

- New Procedure for Qualifying Transformer-Bushing Systems

- Orientation of EquipmentModes of Vibration can cause Under-or Over-Testing

- Curve Fitting to estimate Damping and Frequencyin the Time Domain

Compliance with
NERC Standards The
new revision of TPL-
001-3 Standards will
greatly increase the
amount of transient
stability studies
required over a wide
range of power
system conditions

EPRI

BPA PM: Aaron
Martin
2011 - 2012

YES

TIP 25b - EPRI TC: Testing Guidelines and Utility Practices for Multi-vendor Substation Equipment and
Systems Based on IEC 61850 Standard (Phase 1)

The goal of this projectis to research and develop testing guidelines that can be used in field to assistin function
and performance testing for multi-vendor equipmentand systems based on the IEC 61850 standard

Key Results/Conclusions:

- Completed the topologydesign for the testbed system.

- Completed the firstdraft of P&C function design.

- Create the interoperabilityin protection and control systems to effectively prevent vendor “lock-in”.

- Provide a standard-based platform to facilitate data integration and information exchange throughoutsubstations

and enterprise.
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BPA Challenge Lead Re.sef?‘mh BPA . Project Title & Project Description
Organization Sponsoring
TIP 239: Power Transformer Winding Resistance Demagnetizer
Workforce has the The objective of this projectis to prepare the testset for commercialization. Specific tasks include field deployment
skills and knowledge and evaluation of testsets, securing the intellectual propertyassociated with the invention, and identifying
to minimize errors that BPA PM: Jeff appropriate potential partners who can bring the device to market.
com prom_|se_s_afety Hildreth YES Key Results/Conclusions:
system reliability and . leted b field trial uni
ability to maximize 2011 — 2012 Six (6) completed beta prototype field trial units. _
= Reportsummarizing the field performance of the beta units.
FCRPS usages and . lication (if licabl
availability Patent app ication (|_ applica e)._ _ _ _
= Peer-reviewed publication describing the invention.
= Plan for the commercialization of the invention
Workforces systems EPRI Program 69 Maintenance Management & Technology
to help manage EPRI's Operations and Maintenance programs help members transition to, and sustain, the least-costly
workforce schedules procedures and practices associated with plantmaintenance. The key attributes of an optimized program are
adoption of information managementneeded to supporta condition-based approach to maintenance, and
Workforce has the replacementof costly corrective maintenance with proactive preventive maintenance. The focus of this program is
skills and knowledge EPRI NO on providing an integrated solution thataddresses the needs for proces ses, technologies, and skilled people,

to minimize errors that
compromise safety
system reliability and
ability to maximize
FCRPS usages and
availability

which enables condition-based maintenance to supportrisk-informed maintenance decisions.
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VI. Changing Generation Resources
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Integration of Variable Resources Roadmap

Business and Technology Challenges

Integration of the variable resources in BPA's balancing area presents challenges to the Federal Columbia River Power System (FCRPS). As large
amounts of variable generation such as wind are added to the energy mix in the Pacific Northwest, increasing amounts of flexible dispatchable
resources are required to integrate them. The FCRPS is a large flexible resource that is limited by ‘higher order’ hydro obligations such as fish
protection constraints, navigation, irrigation, and recreation. These limitations reduce the system’s balancing resources and present challenges to
scheduling, voltage stability, frequency control and response, and contribute to transmission constraints. We are thus limited in providing all the
ancillary services expected of a balancing authority (BA).

Specific operational challenges include provisioning sufficient balancing reserves through the FCRPS or developing other types of reserves than
those currently available; increased wear & tear due to increase operations of power control breakers to switch capacitor banks for voltage control;
changes to path flows impacting voltage, voltage stability and system oscillation. These challenges add to transmission constraints and present
additional demands to RAS (Remedial Action Schemes) arming.

The required operational and technical needs include frequency response controls; voltage controls; manage variability of renewable generation;
increased balancing reserve capacity; reducing balancing reserve requirement; new or better ways to control voltage changes due to variable power
flow

Therefore, required technical capabilities to respond to the challenges include:
= Digital emulation of governor response of standard generators
= Analytical model: Modeling capability analyzing how energy storage can impact BPA balancing reserves and the current power &
transmission system
= Advanced Dispatch Tools: Dispatch tools should provide situational awareness of wind ramps, consider reserve requirements, and include
operator training.
» Increase dynamic transfer capability
- More robust PCB (power circuit breaker)
- Capability to accomplish higher duty cycles
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R&D Gaps

Business and Technological Challenges which are not addressed by existing R&D programs:
1. Governor control, voltage control and accommodation in the power system due to dynamic power schedules

Business and Technological Challenges which are covered partially by existing R&D programs but still require further research and development:
1. Modeling capability analyzing how energy storage impact BPA balancing reserves
2. Advanced Dispatch Tools

3. Increase dynamic transfer capability
4. More robust PCB (power circuit breaker) to accommodate dynamic transfers

Business and Technological Challenges which are covered by commercialized technologies and products, however demonstration or confirmation

studies may be required:
= None
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Resources

VI. Changing Generation

VI-1. Integration of Variable Resources Technology

Roadmap

BPA Transmission
Technology Roadmap

Business
Challenges
(BC)

Operational &
Technical Needs
(ND)

Required
Capabilities
((®)

Technologies

(M)

R&D Programs

2012 — 2015

BC 1 Grid Integration of Variable Energy Resources

As large amounts of variable generation such as wind and solar are added to the energy mix in the Pacific Northwest, increasing amounts of flexible dispatchable resources are required to integrate them. The FCRPS is a large flexible resource that is limited by ‘higher order’
hydro obligations like fish constraints, navigation, irrigation, and recreation. These limitations reduce the system's balancing resources and present challenges to scheduling, voltage stability, frequency control and response, and contribute to transmission constraints. (Solar and

wind have different characteristics in these areas.). (S/M/L)

OC1 Lack of Balancing Reserves

More balancing reserves are necessary to integrate increasing amounts of intermittent generation, and at increasing cost.

OC 2 System Changes

Variable generation changes path flows impacting voltage, voltage stability, system oscillaton and adds to transmission constraints, and RAS arming challenge.

A

|
OC 3Increased Wear & Tear

Variable generation causes increased wear and tear on equipment due to increase operations of Power Control Breakers to switch caps for voltage control

ND 1 Frequency Response Controls
Need to response to frequency excursion.

ND6 Need new or better ways to control voltage changes due

1

ND 2 Voltage Controls

Secondary voltage contrd to deal with changes in power flows on the system.

IND3 Manage variability of renewable generation

ND 4 Increased Balancing Reserve Capacity to variable power flow

: Need to identify cost effective energy storage solution. (refer ESWG) ﬂ

4

ND 5 Reducing balancing reserve requirement
---------- + RC4 Increase dynamic transfer capabilit ®

I n e 4 RC5 More robust PCB (power circuit breaker).
Capability to accomplish higher duty cycles.
o

RC1 Emulate governor response of I

standard generators; 5% droop RC 2 Analytical Model

Modeling capability analyzing how a energy storage impact BPA balancing reserves and current power & transmission system

A

RC 3 Advanced Dispatch Tools
The dispatch tool should provide situational awareness of wind ramps, consider reserve requirements, and include operator training

T 1Short Term Wind Forecasting Techniques

needed. Current Research: NREL, 3Tier

Current techniques are pretty good at predicting wind ramp averages. Techniques that predict actua wind ramps are

|T3 Dynamic Schedules I

@ ==
T6 A technology which accommodates

|higherduty voltage control |
IRClO 1

T 2 Advanced Dispatch Tools
i | Dedsion Support for Dispachers

IT4Aut0matic arming of RAS I

IBPA TIP 35 - PNW Smart Grid Demo (TRL-8) |

BPA TIP 237 -Bidirectional BPA TIP51 - Response based

mult|pz_:1th CRINGIIE ETSIE] voltage stability controls (TRL-
analysis (TIP-4) 9)

: |T5 Static VAR Compensators toimprove voltage I

ARPA-E: Magnetically Pulsed Hybrid Breaker for High-

39)

PSERC: The Smart Grid Needs: Model and Data
Interoperability and Unified Generalized State Estimator (S-

Transmission

ARPA-E: Transformer-less Unified Power Flow
Controller for Wind and Solar Power PSERC: Integration of Storage Devices into Power

Voltage Direct Current (HVDC) Power Distribution Protection

Systems with Renewable Energy Sources (S-40)

BPA TIP 114 - Improved wind energy integration through advanced
forecasting and coordination of energy storage systems

ARPA-E: Improved Power System Operations
Using Advanced Stochastic Optimization

for Wind Farm Power (S-42)

PSERC: Low-Frequency Transmission Georgia Tech (Grijalva): ARPA-E Green Energy Network

Integration. Multi-factor analysis for wind planning and operations

of multiple energy storage solutions (TIP-4) Control and Economics

BPA TIP 244 - Advanced life extending control | ARPA-E: Energy Positioning: || EPRI: Grid Planning - || EPRI: Bulk Power System Integration of
Program 40 (2011) Variable Generation - Program 173 (2009-2011)

ARPA-E: Distributed Power Flow Control Tools and Techniques for Considering
Using Smart Wires for Energy Routing Transmission Corridor Options to

BPA TIP 260 - A Modular and Dispatchable

Battery Storage System (TRL-9) (MWMC) (TRL-9)

BPA TIP 266 - EWEB /Metropolitan
Wastewater Management Commission

Accommodate Large Scale Renewable Energy

BPA TIP 277 - Data Centers as Demand
Response Resources (TRL-8)

BPA TIP 286 - Energy Storage as a Demand Response Asset at Resources (S-41), PSERC
Industrial Facilities and at Critical Points on the Transmission

Network to Increase and Decrease Load on Demand (TRL-7) Highly Dispatchable and Distributed Demand
Coordinated Aggregation of Distributed BPA TIP 270 - Demand Response BPA TIP 285 - Energy Storage: Multifaceted tool Response for the Integration of Distributed
Demand-Side Resources (S-52), PSERC Demonstration Market (TRL-8) for demand management (TRL-8) | BPA TIP 281 - Impacts Due to Dynamic Transfers (TRL-6) | Generation, ARPA-E

Non-Existing R&D Programs

Operational Challenge - Operational & Technical Need - Required Capability - Technologies - Existing R&D Programs (Gaps)
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Related Internal and External Projects

BPA Challenge Lead Re.se"?‘mh BPA . Project Title & Project Description
Organization Sponsoring
TIP 237 - Bidirectional Multipath Dynamic Transfer Analysis
This projectis intended to improve the new dynamic transfer methodologyfor integrating large amounts of
intermittentenergy sources. This projectwill evaluate improvements to the methodology, im plement prototype
tools to study wind integration models (such as the NREL / 3 TIER Western Wind and Solar Integration Study
mesoscale model) using the new methodology, and identify approaches to com pute additional costsincurred by
BPA transmission when accommodating dynamic transfer across the FCRTS.
Lack of balancing Key Results/Conclusions:
reserves -increasing Dynamic is a regional concern.BPA and Maxisys worked with the region and developed a common methodology
amounts of flexible . to compute the Variable Transfer Limits. In summary
. BPA PL: . s s .
dispatchable . YES = Developed a non-linear multi-variable optimization algorithm
Brian Tuck . .
resources are = Built consensus on aregionallyacceptable methodology
required to integrate = Utilities tested the new methodology
renewable energy = Solved one of the mostcomplicated problems
The relations hip between Variable and Static Transfers on paths needs to be analyzed. There are some policy
questions to be resolved. They are to determine the a) acceptable magnitude/frequency of wltage deviation, b)
acceptable levels of incremental costdue toincreased variabilityand ¢) acceptable levels of equipmentoperation
dueto increased variability.
In addition, further studies are needed to determine trade-offs between variable and static transfer. Dynamic
Transferis an emerging issue that has reliabilityand financial implications for some paths /flowgates and further
study is needed.
TIP 114 - Improved Wind Energy Integration Through Advanced Forecasting And Coordination of Energy
Storage Systems
This research seeks to enable more effective use of energy storage to minimize scheduling uncertainty, increase
Analytical model - load leveling capabilities and reduce reserve requirements. This advanced research includes com prehensive
modeling capability simulations and experimental lab-grid im plementation that models renewable installations, traditional generation
analyzing how an sources, energystorage technologies, power electronic converter control, and representative loads.
energy storage impact BPA PL: YES
BPA balancing Mike Hulse Key Results/Conclusions:

reserves and current
power & transmission
system

A model of the in-lab grid, including the ZnBr flow cell battery, supercapacitors,and pumped hydro has been
developed, including the WESRF dynamom eter and Arbitrary Waveform Generator (wind farm). This model
includes initial characterization of the capacities and responses of the ZnBr system, the supercapacitors, and the
pumped hydro to be modeled. The model also accepts actual wind data as an input. Additionally, an initial version
of the energy storage controller has been developed. The model presented here will be used to continue to
develop the bestcontrol approaches for the three energy storage mediums.
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BPA Challenge

Lead Research
Organization

BPA
Sponsoring

Project Title & Project Description

Analytical model -
modeling capability
analyzing how an
energy storage impact
BPA balancing
reserves and current
power & transmission
system

BPA PL:
Stephen White

YES

TIP 244 - Advanced Life Extending Control of Multiple Energy Storage Solutions

This projectincludes advanced “life extending control” and coordination of multiple energystorage solutions to
maximize costeffective energy production, reduce dependencyand strain on the hydro-power system by buffering
from variable renewables, reduce spinning reserve and peak load problems, increase transmission capacityand
help stabilize power quality disturbances.

Key Results/Conclusions:

The OSU WESREF in-lab grid, established through BPAfunding, significantlybenefits controller development while
enabling hardware verification. The in-lab grid features an emulated wind farm, energystorage systems
(supercapacitors, flow cell battery, and pumped hydro), traditional hydro generation resources, and local loads.
These models show the promise of significantcontributions to life extending control (LEC) algorithms that can
integrate RDI models and dispatch resources, including energystorage resources, in amanner that would
optimize hydro performance and overall system economics. It was also demonstrated thattransmission
congestion can be alleviated by adding energystorage devices and demand response loads to key locations on
the grid.

Analytical model -
modeling capability
analyzing how an
energy storage impact
BPA balancing
reserves and current
power & transmission
system

PSERC PL:
Project Leader:
Mladen Kezunovic
(Texas AXM
University

NO

The Smart Grid Needs: Model and Data Interoperability and Unified Generalized State Estimator (S-39)
Future Smart Grid applications such as Unified Generalized State Estimation, Intelligent Alarm Processing, and
Optimized Fault Location, can benefit from the smartgrid integration across data and models butthe problem of
data and model interoperabilityhinders the implementation. As an example, two difficult and interrelated problems
in state estimation, abilityto detect topology errors, and im plem entation complexity due to the two-model
(node/breaker and bus/branch) architecture, will be much easierto solve if data and model interoperabilityare
resolved. This projectwill identify the interoperabilityissues and will illustrate novel ways of their resolution in the
future so that both legacy solutions, as well as future smart grid applications can utilize the same dataand models
but use them in a manner consistentwith the application requirements and aims.

Analytical model -
modeling capability
analyzing how an
energy storage impact
BPA balancing
reserves and current
power & transmission
system

ARPA-E
Sandia National
Laboratory

NO

Improved Power System Operations Using Advanced Stochastic Optimization

Market managementsystems (MMSs) are used to securelyand optimallydetermine which energyresources
should be used to service energy demand. Increased penetration of renewable energyresources increases the
uncertainty of operating and marketconditions, complicating decision making. Sandia National Laboratorywill
collaborate with lowa State University, the University of California at Davis, Alstom Grid, and ISO New England to
create probability-based decision-making software for MMSs that can accountfor the increased uncertaintywhile
retaining overall grid reliabilityand marketstability.
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BPA Challenge

Lead Research
Organization

BPA
Sponsoring

Project Title & Project Description

Analytical model -
modeling capability
analyzing how an
energy storage impact
BPA balancing
reserves and current
power & transmission
system

ARPA-E
University of
Washington

NO

Energy Positioning: Control and Economics

The University of Washington will develop control technologies for energymanagement. The technologywill
intelligentlydecide if excess energy from renewable energysources should be consumed or directed to storage
facilities. If directed to a storage facility, the control technologywill also decide to route the energy to a location
that is bestpositioned for later use. The coordinated control of well-positioned and properly sized storage facilities
and demand res ponse will facilitate the large-scale integration of renewable generation, significantlyreduce the
need for transmission expansion, and improve system reliability.

Variable generation
increases wear & tear
due to increase
operations of power
control breakers to
switch caps for
voltage control

ARPA-E
Michigan State
University

NO

Transformer-less Unified Power How Controller for Wind and Solar Power Transmission

Michigan State will develop a unified power flow controller (UPFC) that will have enormous technological and
economic impacts on controlling the routing of energy through existing power lines. The UPFC will incorporate an
innovative circuitry configuration that eliminates the transformer, an extremely large and heavy component, from
the system. As a result, it will be light weight, efficient, reliable, low cost,and well suited for fast and distributed
power flow control of wind and solar power.

Variable generation
also changes path
flows impacting
voltage, voltage
stability and system
oscillation

BPA PL:
Dmitry Kosterev

YES

TIP 51 - Response Based Voltage Stability Controls

This projectresearches all three types of controls (primary, secondary, emergency) will be considered. Primary
Voltage control - Response-based controls for fastreactive switching of 500-kV shunt capacitor banks in Portland /
Salem area. Coordination reactive resources in Southern Oregon/ Northern California area. Secondary Voltage
Controls - Reactive power managementto optimize voltage profile and to maximize reactive margins. Emergency
voltage controls - Low voltage shedding.

Key Results/Conclusions:

= A combination of model-based stabilityas sessment, measurement based tools and res ponse-based Remedial
Action Scheme (RAS) are needed to address wltage stabilitylimits.

= Operational tools: Several measurement-based tools have been researched and are currently in the prototype
phase.

= Response-based RAS: Wide-area control system is underthe development. WACS will be deployed under the
synchro-phasor capital program. California-Oregon Intertie reactive coordination studies are in progress.

= Wind power plantvoltage controls: Voltage control requirements are developed. Secondaryvoltage control
studies are planned.

= Load-Induced voltage instability: Load models are developed by WECC. BPA did significantam ount of
equipmenttesting, model developmentand data preparation. Studies indicate thatthe Portland metro may be
at risk of voltage instabilitydue to air-conditioner stalling. The projectsupports the developmentofregulatory
framework which will have huge impacton the capital investmentneeds.

= Analysis tools: Tools for analysis of wind power plant voltage controls.

= Time-sequence power flow: Time-sequence powerflow capabilities in Power World and PSLF; also, the time
sequence for studying the im pact of wind ram p events on system voltage stability.
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Lead Research BPA . . . .
BPA Challenge Organization Sponsoring Project Title & Project Description
Variable generation PSERC PL: Low-Frequency Transmission for Wind Farm Power (S-42)
also changes path AP Sakis. The project's goal is to evaluate alternative transmission systems from rem ote wind farms to the main grid using
flows impacting L low-frequency AC technology. Low frequency means afrequency lower than nominal frequency. To minimize
Meliopoulos NO . s S
voltage, voltage . : costs cyclo-converter technologywill be utilized resulting in systems 0f20/16.66 Hz (for 60/50Hz systems
- (Georgia Institute of . ; ! L .
stability and system Technolo respectively). The technical and economic performance of low-frequency AC trans mission technologywill be
oscillation 9y compared to HVDC transmission (including HVDC Light) and conventional AC transmission.
Grid Planning - Program 40 (2011)
Utilities, transmission companies, and ISOs/RTOs need to plan for future demand growth and provide
transmission services for changing generation portfolios. The challenge of meeting reliabilityrequirements with the
. addition of variable generation and allowing demand response as a capacityresource maynecessitate
Increasing amounts of o ; . S : . -
; ; transmission planning to reassess planning objectives. Planning for peak load scenarios maynot be sufficient.
flexible dispatchable . s ; ; ) o
Evaluation of additional scenarios such as low load and shoulder load, as well as intermittent availability of
resources are EPRI NO . ) A .
: ; variable resources, mayalso be required. Variable resources have two other characteristics that need to be
required to integrate : - - ; - - ;
them addressedin plan ning: uncertamty, qnd a_reglonal nature beyo_nd the tradltlpr_lal utility boundaries.
A second focus of this program is to identify and develop solutions and decision-supporttools for planners to deal
with specific technologygaps toimprove overall planning activities. Some projects within the Grid Planning
program use phasor measurementto verify models—the foundation for all simulation and analysis efforts—and
move traditionally offline analysis tasks closerto online real-time analysis.
Bulk Power System Integration of Variable Generation - Program 173 (2009-2011)
EPRI research and developmentin the area of bulk power system integration of variable generation and
controllable load will produce knowledge and tools that will help system operators and planners:
- Understand the im pacts of variable generation and controllable load on system reliability
Increasing amounts of - Control variable generation and controllable load to minimize operational risks
flexible dispatchable - Design robusttrans mission systems to integrate variable generation and controllable load
resources are EPRI NO - Develop system and industrystandards that ensure efficientand reliable operation.

required to integrate
them

P173.003 Grid Performance and Modeling of Variable Generation and Evolving Power System Resources
P173.005 Operator Tools for Scheduling, Reserve Determination, and Frequency Control with Variable Generation
P173.006 Advanced Planning Tools to Study the Impactof Variable Generation and Controllable Loads

P173.007 Evaluation of Potential Bulk System Reliabilitylmpacts of Distributed Resources and Potential Mitigating
Strategies
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Lead Research BPA . . . .
BPA Challenge Organization Sponsoring Project Title & Project Description
1. Ongoing Research
ARPA-E Green Energy Network Integration, major projectproposing a control architecture to achieve 40%
. . . penetration of renewable energy. Components are the distributed architecture and the autonomous distributed
Increasing amounts of [ Georgia Institute of ) R
: : . stochastic optimization
flexible dispatchable Technology PL: . - . . .
) i, Multi-factor analysis forwind planning and operations.
resources are Santiago Grijalva NO h f involved i h . | . . h f tools includi It
required 1o integrate - There are manyfactors involved in comprehensive planning. Requires other types of tools including GIS, multi-
factor spatial-temporal methods
renewables.
2. Research Needs
Top down vision and electricity policy for emerging technologies and method
Distributed Power FHow Control Using Smart Wires for Energy Routing
Over 660,000 miles of transmission line existwithin the continental United States with roughly 33% of these lines
: ) experiencing significantcongestion. This congestion exists while, on average, only 45-60% of the total
Increase dynamlc ARPA E. NO transmission line capacityis utilized. A team led by startup company Smart Wire Grid will develop a solution for
transfer capability Smart Wire Grid, Inc . . . . ;
controlling power flow in the transmis sion grid to better take advantage of the unused capacity. The power
controller will be a “smartwire” that incorporates advanced control software, sensors, and communications
technologies.
Modeling capability Integration of Storage Devices into Power Systems with Renewable Energy Sources (S-40)
analyzing how an PSERC PL: The recent advances in the state of the art of storage technologyhave led to wider deploymentof storage
energy storage impact George Gross technologies. This projectwill develop models and a simulation methodologyfor analyzing the effects of storage
BPA balancing (University of NO integration on transmission constrained electricitymarkets over longer-term periods. Ourgoal is to assess theuse
reserves and current lllinois, Urbana) of storage as a system resource that provides the flexibility to mitigate the effects of variable renewable energy
power & transmission sources, improves the overall system reliability, and has the ability to provide energy- and capacity-based ancillary
system services. The methodologycan be implemented into practical tools to quantify the system variable effects
Magnetically Pulsed Hybrid Breaker for High-Voltage Direct Current (HVDC) Power Distribution Protection
More robust PCB General Atomics will develop a low loss, high reliabilitypower routing technologythat operates about10 times
. ARPA-E . . ) o
(power circuit . NO faster than conventional technology. This technologywill be a key enabler of advanced transmission networks,
General Atomics . . . S - .
breaker) which will play a vital role in linking remotelylocated renewable energysources like offshore wind farms and solar
energy fields to consumers in urban centers.
Analytical model - TIP 35 - PNW Smart Grid Demo
modeling capability This projectexpands upon the region’s experience in the 2006 DOE-funded Pacific NorthwestGridWise™
analyzing how an Battelle Demonstration Projecton the Olympic Peninsula, which successfullytested demand response concepts and
energy storage impact YES technologies. BPA's role is to coordinate with Battelle and participating utilities to develop a smartgrid business
BPA balancing BPA PM: case based on data from utilities, customers and projectvendors to inform a cost benefitanalysis. Lead public
reserves and current Lee Hall outreach and communication with governments (states, Northwestdelegation, Tribes, others), non-partner utilities,

power & transmission
system

educational institutions, energyand regulatory organizations (WECC, NERC, NWPCC, NWPPA, etc.), the general
public and other regional demonstration projects.
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BPA Challenge L(e)arlgal“\:]e;:t?(;(r:]h Spo%lzs)ﬁring Project Title & Project Description
TIP 260 - A Modular and Dispatchable Battery Storage System
The proposed projectis to deploy, test, and evaluate a scalable, modular, dispatchable battery storage system in
real-world trials over a two-year period, first at the BPA testing facility in Vancouver, Washington, and then in
BPA's service area of the Pacific Northwestat different utility customer locations. Energy Northwestalreadywants
Provisioning sufficient to hostthe storage system atits Nine Canyon Wind Project facility, and it has interestfrom some ofits member
balancing reserves Powin Energy utilities to hostthe system at their facilities, who wantto get hands-on experience regarding the deployment,
through the FCRPS or integration, operation, and maintenance of a battery storage system for demand response applications. PNNL
developing other BPA PM: YES wants to hostthe storage system atits facilities too.
types of reserves than Jason Gates
those currently 2012 -2014 Deliverables:
available Phase testand evaluation report
= Phase 1: Qualification Testing at BPA's Vancouver TestFacility
» Phase 2: Testing at Energy Northwest's Nine canyon wind Facility
= Phase 3: Testing at a Utility Facility in the BPA Service Area of the Pacific Northwest
= Phase 4: Testing at a PNNL Facility
TIP 266 - EWEB / Metropolitan Wastewater Management Commission (MWMC)
The goal of the DR Demonstration Projectis to demonstrate thatthe Metro Wastewater facility can act as a
dispatchable large utility-scale DR resource (>1MW) to both increase load (DECs)when there is extra capacity on
Provisioni - the grid, and decrease load (INCs) during peak periods, capacityconstraints, grid emergencies or during periods
rovisioning sufficient . . X X i
. when renewable resources experience intermittency. M&V of DR events will provide a performance based
balancing reserves EWEB approach in developing reliable resources that can be used year-round for ancillary services
through the FCRPS or PP pIng ye y )
developing other BPAPM: YES Deliverables:
typeﬂs]oosferecsuer:\éen?&han Kzagll;lcirtzjgﬂst = Visual analytical methods for data identification and representation.

available

= Methods for identifying operator actions;report to summarize the visual analytical methods and operator action
methods for stage gate review.

= Training tools and metrics; training session conducted in combination at BPA if BPA can accommodate.

= Reporton the feasibilityof integrating the GCA techniques into operating environment; final projectreport for
stage gate review.
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BPA Challenge L(e)arlgal“\:]e;:t?(;(r:]h Spo%lzs)ﬁring Project Title & Project Description
TIP 270 - Demand Response Demonstration Market
The City of Port Angeles will workwith BPA to create and analyze an internal and external demonstration market
for INCs and DECs at the commercial and industrial customer locations. The goal is to move the individual
technical DR pilot projects further towards a realistic DR marketby working out many of the practical issues. The
City proposes to develop the demonstration marketattwo (2) customers’ locations with the following load
characteristics
Deliverables:
Provisioning sufficient . = The C!ty W!|| provide. the overall coordinqtion of t.he dem onstration market. . .
balancing reserves City of Port Angeles = The City will wp_rl_< with the two com mermal an_d industrial customers to develop amenu of tlmgs and their INC
through the FCRPS or or DEC_capabllmes. Next, the City will work _W|th _the BPA and the two com mercial and industrial customersto
developing other BPA PM: YES seta price for gach of the possible transactloqs inthe dlﬁergnt periods. . N
Tom Brim = In order to achieve 15-MW INC or DEC, the Nippon plantwill need to change operational conditions of the
types of reserves than : : . ; . .
those currently 2012 -2014 refiner Ilnt_es,whlch are the majorloads in the pulping plant. _ _ _
available = The Landing Mall has |nstalled_a CatalystEnergy Technologies (CET) intelligentenergystorage package
referred to as Smart Storage Kit™ (SSK).
= The City's Morse Creek hydro facility (475-kW) could be available for dispatch by BPA given short
= notice or 24 hours notice by the City.
= Load profile data for the two main refiner lines at Nippon is currently collected by Nippon'’s Plant Information
(PI) system and is currently sentto a dedicated UISOL’s DRBizNet© server. The load profile dataused at
DRBizNet provides robustload reduction metering data.
= Regardlessof projectoutcome, the City has proven to be a willing partner with the BPA in transferring the
“lessons-learned” from its DR experiences throughoutthe region with other BPA customers and those having
an interestin DR.
TIP 277 - Data Centers as Demand Response Resources
This projectrapidly develops and deploys technologies and strategies for dynamicallymanaged, distributed data
center loads to provide peak shifting, balancing reserves (decreasing and increasing load), transmission
Provisioning sufficient investmentdeferral, and/or trans mis sion congestion managementto the BPA balancing areain an economic
balancing reserves Ecofys US manner.
through the FCRPS or
developing other BPA PM: YES Deliverables:
types of reserves than Jason Gates = Solicitation Documentfor Use in acquiring bids from technologyvendors
those currently 2012 -2014 = Presentation to BPA T/l Staff and other stakeholders at BPA office in Portland.
available = Interim report outlining the installation experience as well as initial analysis of the proof-of-conceptresults.
= Reportoutlining the performance of the pilotprojectover the testing phase.

Final report outlining the demonstration projectand future opportunities / challenges. Pres entation to BPA staff
and other stakeholders atthe BPA office in Portland.
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BPA Challenge L(e)arlgal“\:]e;:t?(;(r:]h Spo%lzs)ﬁring Project Title & Project Description
TIP 285 - Energy Storage: Multifaceted tool for demand management
Primus Power EnergyPodsTMare being developed withthese uses as their basis. They will work to improve the
economics, emissions, efficiencyand quality of the entire electrical power delivery system. The EnergyPod is a
Provisioning sufficient 250kW — 750 kWh zinc-based flow battery. The objectives will be to Analyze value of distributed storage in Puget
balancing reserves Primus Power Sound Energy’s (PSE) distribution system to PSE and BPA, Select a location for a pilotto capture as many
through the FCRPS or different value streams as possible, Develop a control strategy that maximizes the total value of the storage both
developing other BPA PM: YES from a distribution system and trans mission perspective, Demonstrate a 500kW, 1 MWh system, analyze the
types of reserves than Jason Gates operation, testcontrol algorithms and validate performance and effectiveness.
those currently 2012 - 2015
available Deliverables:
= Assessmentof Value of Near-Customer Energy Storage: Primus 3rd Party EnergyCell testing report
= Implementation of storage system: Factory and site acceptance protocols
= Operational optimization and evaluation of performance: Final report
TIP 286 - Energy Storage as a Demand Response Asset at Industrial Facilities and at Critical Points on the
Transmission Network to Increase and Decrease Load on Demand
This proposal aimsto demonstrate how energystorage can be used atvarious points on the transmission and
distribution network to the benefit of BPA and large consumers of electricity.Questions remain on whether itis
more cost-effective for transmission operatorstoinstall large energystorage units on the trans mission network
and pass the costto all rate payers, or install energystorage at the customer location and share portion of the
L - costs and benefits with customers atthe edge of the grid. This study will allow BPA to establis h the proper mix of
Provisioning sufficient CUNY Energy . - : . .
. . . allocation of energy storage between critical congestion points on the trans mission network and selected large
balancing reserves Instiwte, City industrial customers along the distribution network
through the FCRPS or | College of New York '
developing other YES

types of reserves than
those currently
available

BPA PM:
Tom Brim
2012 -2014

Deliverables:
At the end of the project the recipientwill deliver to BPA the following information:
= Detailed reporton the costand performances of energy storage atvarious point on the transmission network
maintained by BPA
= Compiled Matlab Simulink modulesto use in other simulations thatBPA would like to run in the future
= Complete specification ofthe energy storage demo if built
= Access to real time data of the performance ofthe demo
At the end of the project the recipientwill deliver to the NWFPA demo location (if a demois built)
= Control over the energy storage solution
= Compiled version of the software to operate the energy storage solution correctly
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Lead Research BPA . . . .
BPA Challenge Organization Sponsoring Project Title & Project Description
TIP 281 - Impacts Due to Dynamic Transfers
BPA's plays a vital role in wind power developmentin the Pacific Northwest. Dynamic Transferis essential to
-~ . reliablyintegrate wind, smartgrid and other devices that increase variability. RD 237 developed Dynamic Transfer
Insufficient balancing . ; - ; : . ;
; algorithm. This research will identify1. The factors that influence the Dynamic Transfers, 2. Identify allowable
reserves due to wind AT . - ) . : )
o voltage variation in the transmission system, 3. Approach to minimize labor intensive Dynamic Transfer studies
generation, increased - N . h s
and, 4. Understand Dynamic Transfer limits change with respectto system operating conditions.
wear & tear due to
increase operations of BPA PM: . )
ower control Kathy DeBoer YES Dellvera_bles. . . . o
P = |dentify possible factors thatinfluence Dynamic Transfer Limits.
breakers, and 2012 - 2015 . o L A . L .
= |dentify the transmission distribution voltage am plification to set voltage variation limits for Dynamic Transfer
changes to path flows limit calculation
impacting v_o_ltage, = Software tool set developed in phase 3, with documentation describing methodology, software im plementation,
voltage stability and d id itabl hnical . d
system oscillation and user guide suita e.fortec nica operatlons study staff. . . .
' = Example Plot of Dynamic Transferlimits for a source and for a sink transfer with res pectto time calculated
using the tool setdeveloped in phase 3.
= Finalreport.
Analytical model - Coordinated Aggregation of Distributed Demand-Side Resources (S-52)
modeling capability This research proposes anew architecture to enable deep penetration of variable renewable generation through
analyzing how an coordinated aggregation of a divers e collection of distribution-side networked resources [micro-generation,
energy storage impact storage, and responsive loads]. We will design coordination strategies, analyze their benefit, and simulate their
. PSERC NO L ) ) .
BPA balancing performance. Our objectives are to demonstrate systemic value in managing resource clusters, and to understand
reserves and current mechanisms to monetize this value.
power & transmission
system
Changes to path flows Tools and Techniques for Considering Transmission Corridor Options to Accommodate Large Scale
impacting woltage, PSERC NO Renewable Energy Resources (S-41)
voltage stability and The projectdevelops assessmenttools and techniques for considering transmission corridor options to
system oscillation accommodate high levels of penetration of renewable energyresources.
Highly Dispatchable and Distributed Demand Response for the Integration of Distributed Generation
Provisioning sufficient AutoGrid, in conjunction with Lawrence BerkeleyNational Laboratoryand Columbia University, will design and
balancing reserves demonstrate automated control software that helps manage real-time demand for energyacross the electric grid.
through the FCRPS or ARPA-E Known as the Demand Response Optimization and ManagementSystem - Real-Time (DROMS-RT), the software
developing other AutoGrid Systems, NO will enable personalized price signals to be sentto millions of customers in extremelyshorttimeframes—
types of reserves than Inc. incentivizing them to alter their electricity use in response to grid conditions. This will help grid operators better

those currently
available

manage unpredictable demand and supplyfluctuations in shorttime-s cales —making the power generation
process more efficientand costeffective for both suppliers and consumers. DROMS-RT is expected to provide a
90% reduction in the costof operating demand response and dynamic pricing programs in the U.S.
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Wind Modeling Roadmap

Business and Technology Challenges

The current models of transmission system planning do not effectively incorporate impact of wind generations. Improved modeling of wind
resources on the transmission system is needed to provide accurate, real-time information for energy markets, scheduling, reserves management
and voltage support. Within hour/next hour reserve management of wind resources and inadvertent interchange with Pacific NW and California load
areas needs to be modeled appropriately. Short term wind forecast improvement is needed to accurately forecast reserve requirements and
congestion to optimally manage reserves of the Big 10 Columbia/Snake River Dams in real time (Big 10). Balancing authorities cannot control
power flows (ex. large solar intermittency in CA demands reserves from Pacific NW on an unscheduled basis). Inadvertent interchange consumes
some transmission capacity.

More specific operational challenges are:
= Within Hour/Next Hour Reserve Management of Wind (Schedule Error): Short term wind forecast improvement is needed to accurately
forecast reserve requirements and congestion to optimally distribute reserves to the Big 10 in real time.
» Inadvertent Interchange with PNW and California Load Areas: Balancing Authorities can’t control power flows (ex. Large solar intermittency
in CA demands reserves from PNW on an unscheduled basis). Inadvertent Interchange consumes some transmission capacity.

These challenges require following addition capabilities:
= Power plant model validation
= Improved system modeling and data sharing (data management)
= Understanding characteristics of wind generators

These remedies will give BPA an appropriate wind and solar monitoring system which demonstrates accurate performance expectations from 0 to
60 min.
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R&D Gaps

Business and Technological Challenges which are not addressed by existing R&D programs:
1. Power plant model validation
2. Improved system modeling and data sharing (data management)

Business and Technological Challenges which are covered partially by existing R&D programs but still require further research and development:
1. Within Hour/Next Hour Reserve Management of Wind
2. Inadvertent Interchange with PNW and California Load Areas
3. Understanding of the wind generator characteristics

Business and Technological Challenges which are covered by commercialized technologies and products, however demonstration or confirmation

studies may be required:
= None
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VI. Changing Generation V|_2 W|nd |\/|Od€|lng Technology Roadmap BPA Transmission

Resources

Business
Challenges
(BC)

Operational &
Technical Needs
(ND)

Required
Capabilities
(RC)

Technologies

(M)

R&D Programs

Technology Roadmap

2012 — 2015

BC1 Wind Modeling
Thecurrent wind models causes problems with system planning. Improved modeling of wind resources on the transmission system is needed to provide accurate, real-time information for energy markets, scheduling, reserves management and voltage support. (S/M/L)

OC1 Within Hour/Next Hour Reserve Management of Wind (Schedule Error)
Short term wind forecast improvement needed to accurately forecast reserve
requirements and congestion to optimally distribute reserves to the Big 10 real time.

(S)

OC2 Inadvertent Interchange with PNW and California Load Areas

Balancing Authorities can’t control power flows (ex. Large solar intermittency in CA
demands reserves from PNW on an unscheduled basis). Inadvertent Interchange
Consumes some transmission capacity (S)

I ND1 Power Plant Model Validation
Need baseline performance model for all generation resources. (S) H

A large number of wind plants are connected, but getting the best model for the plants could be
improved. (S)

| ND2 Improved system modeling data and data sharing (Data Management) |

I ND3 Tools to Study Wind Ramps I

Whatare the different reactive and frequency support characteristics, reserve demands,

s ND4 Understand wind power which is a different type of generator -
performance with other generators in a disturbance. [Reliability]

RC1 Wind & Solar Monitoring
Accurate performance expectations from 0 to 60 min

T1 Wind and Solar Models
Obtain model structure using accurate generator performance data and automate
model validation.

University of lllinois (Overbye): Recent project for
BPA on enhancing dynamic models for wind.

Operational Challenge - Operational & Technical Need - Required Capability - Technologies - Existing R&D Programs - (NéJ:r;E)Xlstng&D Programs
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Related Internal and External Projects

BPA Challenge

Lead Research
Organization

BPA
Sponsoring

Project Title & Project Description

Improved modeling of
wind resources on the
transmission system
is needed to provide
accurate, real-time
information for energy
markets, scheduling,
reserves
management and
voltage support

University of lllinois
(Dr. Thomas
Owerbye)

NO

1. Ongoing Research

Recentproject for BPA on enhancing dynamic models for wind.

2. Research Needs

Sensitivity of operationa, planning and marketoutcomes on model accuracy.

- Model Validation Methods

- Modeling/Simulation compliance and certification methods
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Wind Power Plant Controls Roadmap

Business and Technology Challenges

Operating the system in stressed conditions increases the probability of severe contingencies or chains of contingencies that are not considered in
traditional system security assessment. The scale of wind power developments demands that wind generation facilities be able to exert effective
control capability in response to grid requirements such as primary speed-power control, primary voltage control, secondary voltage control and
reactive power management. In addition to, communication is another business challenge in wind power plant control. This requires a mechanism
for communicating quick reaction commands enabled by new data sets provided by PMUs.

Operational challenges in wind power plant control include:

System voltage / reactive reserve changes due to fast wind ramps. Conventional methodologies and study tools may not be sufficient or fast
enough to accurately initiate the type of reactive control currently deployed or may require accurate system models to be effective.
Oscillation frequency is drifting lower due to greater inertia on the system.

PMU data cannot be fully used because State estimator runs once per minute.

Insufficient reactive control: Conventional methodologies and study tools may not be sufficient or fast enough to accurately initiate the type
of reactive control currently deployed or may require accurate system models to be effective.

Reactive power assignment: Enable stable and equitable reactive power assignment across multiple plants in a hub

Sub-synchronous frequency control interaction and resonance: Understand risk of sub-synchronous control interactions and oscillation
resonance

Spinning & operating reserves: Balancing Authority ancillary services obligations for wind generators are being filled by other generators on
the system.

Stressed system: Operating the system in stressed conditions increases the probability of severe contingencies or chains of contingencies
that are not considered in traditional system security assessment.

Track Wind Performance for Voltage Control
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R&D Gaps

Business and Technological Challenges which are not addressed by existing R&D programs:
1. Voltage control requirements, lessons learned, best business practices
2. Active Power / Frequency Control
3. Wind Power Plant (WPP) to have speed governors

Business and Technological Challenges which are covered partially by existing R&D programs but still require further research and development:
1. Software Applications

= Software applications that can process PMU data and display results of oscillation detection.

Software to monitor for wind power plants performance (PI, enhancement tailoring, expand use needed)

Model validation applications using PMU/DFR data (NREL/DOE/UWIC)

System-Wide Voltage Control

Time sequence power flow

obowbd

Business and Technological Challenges which are covered by commercialized technologies and products, however demonstration or confirmation
studies may be required:
1. Dynamic Power Flow models
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N — VI-3. Wind Power Plant Controls Technology Roadmap — [y s
Resources 1/2 Technology Roadmap

BC3 Stressed System BC1 More Effective Controls for Wind Power Plants BC2 Communications Tools & Capabilities

Operating the system in stressed conditions increases the probability of The scale of wind power developments demands that wind generation facilities be able to exert effective control Need mechanism for communicating quick reaction commands enabled by
B u Si ness severe _contingencies or chains of contingencies that are not considered capability in response to _grid requirements such as primary speed-power control, primary voltage control, secondary new data sets provided by PMUs

in traditional system security assessment. voltage control and reactive power management.

Challenges
(=19

OC1 Voltage Control & Reactive Power Management (near term)
Difficulty in managing system voltage and changes to reactive
reserves due to fast wind ramps . System models do not accurately

OC2 Frequency Control (long term)

reflect them. [ BC1] [BC1]
: ND5 Wind Power Plant level
ND1 Wind Power Plant level ND2 Wind Power Plant level ND3 Wind Hub level ND4 Power Grid System level : | Ability to contribute to frequency control at high
Ability to contribute to voltage control Ability to carry and manage reactive reserves Coordinate reactive reserves among muliple plants. Ability to maintain stable voltages during fast ramps : llevels of wind penetration
[oc1] [oca] OocC1] [OC1] : jrocz

Operational &
Technical Needs
(ND)

r

ND6 Power Grid System level

Ability to manage system-wide frequency
responsive reserves.

[OC2]

RC1Model Performance RC3 Performance Monitoring RC5 Reactive Reserves Coordination RC7 Real time Voltage Visibility T
Develop model of voltage control Monitor Reactive Reserve management Coordinate reactive switching and control Visibility of real time voltages and -
. and reactive reserves and voltage control . inhubs reactive margins RC9 Automatic Controls for Frequency
R QUIrEd [ND1, ND2] [ND1, ND2] [ND3, ND6] [ND3] Responsive Reserves _
GEnEliiiEs — Inventory & manage frequency responsive
P fRC2 Reactive Reserve Requirements et SR ES _ RC6 Automatic Voltage Controls RC8 Frequency Response Monitoring [Esgg‘]’es EVTEmETCE
(RC) Develop Requirements or plants to Models rm;t aCCL_"ate'y reflect wind e behavior Automate voltage stability during wind ramps PMU-based frequency response monitoring

manage reactive reserves across multiple wind farms & the WindHub level and [ND3] [ND5]
[ND2] multiple hubs atthe Power Grid level.

L/ [ND3, ND4]

T1Phasor Measurement Units T2 Time Sequence Power Flow T3 Hub-coordinated voltage controller T5 Vqltage & Reactive Power Displays
Tech n 0| Og ies Use PMUs to monitor behavior of Wind Power Plant level reactive Provides time sequence of power flows for studying the [RC5] :| Situational awareness of voltage state,
reserve management and voltage controls impact of wind ramp events on system voltage stability. B reactive reserves, reactive margins
RC4 utomate voltage controls . :
T RC1RC3 [RC4] T4 A d SCADA vol | [RC7]
[RC6] g 1 : T7 Automatic Generation Controller
i T6e PMUs : New type of Automatic Generation
: : Controller
3 [RC7,RC8] : [RC9]
BPA TIP 51 - Response Based
Voltage Stability Controls Hub control Power How models Dynamic Models for Wind Turbines and Models are under development by NREL,
g I_I R i i A based on PMU Data availability
R&D Programs (121 (TRL-9) State Estimator for Power flow models BPA TIP 46 - Operations Real Time Wind Power Plants, NREL
9 [T4] Study Process Improvement (TRL-8) [RCY]
[
: Voltage Control System-Wide Voltage Control = I--A_t_‘_;___/F_-___::-t__l_______-____-___--___-____-__' Robust Adaptive Topology Control Scalable Real-time Decentralized
2 1 [OC10, OC14] i : [ (C) (';‘ge Ngg’]er requency Lontrot - Fwind Power Plant (WPP) to have speed govemnors | : (RATC), ARPA-E VOIt/'VAR Control, ARPA-E
e B e B Qe o Eo B g | :

Non-Existing R&D Programs

(Gaps)
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VI-3. Wind Power Plant Controls Technology Roadmap — e

VI. Changing Generation

Resources 2/2 Technology Roadmap

BC3 Stressed System BC1 More Effective Controls for Wind Power Plants BC2 Communications Tools & Capabilities
Operating the system in stressed conditions increases the probability of Thescale of wind power developments demands that wind generation faciliies be able to exert effective control Need mechanism for communicating quick reaction commands enabled by
B USi ness severe contingencies or chains of contingencies that are not considered capability in response to grid requirements such as primary speed-power control, primary voltage control, secondary new data sets provided by PMUs
in radiional system security assessment. voltage control and reactive power management.
Challenges
OC3 Oscillation Man- Sub-Synchronous OC5 Power Flow Control
Oscillations management OC4 Oscillation Management
(near term) - System Oscillations (long term) BC1]
[BC1] [BC1]
ND7 Wind Power Plant level ND8 Wind Hub level ND9 Power Grid System level o ND10 Wind Power Plant level ND11 Power Grid System level
Ensure there are no sub-synchronous Establish base line oscillation activity for models '[A‘gg'g’] to damp system destabilizing oscillations Ability to model wind power plants capabilities Ability to control power flows on system
. interventions [OC3, OC4] and performance on system
Operational & [0C3] T [oCs] [ocs|
Technical Needs 7y
RC10 Oscillation Models & Tools RC14 Grid Level Oscillation Control RC16 Accurately model wind power plants
: : : | Control destabilizing oscillations (See article) :
. i fINDT7) : |RC13Real time Oscillation Visibility : | IND9] : [ND10]
Req ul red : i Data analysis/data mining/fpattern : T : &
Capabl MES i JRc11 PMU-based Analysis Tools for Oscillations | i | recogntion in AN : - — — : RC17 Power Flow Control Technologies
H : [ND8] : | RC15 Grid level Oscillation Monitoring : Power flow control technologies appropriate to
(RC) H [ND7] : : | Real time monitoring of system oscillations H various locations and situations
5 : : |inDg) i [ND11]
RC12 Plant level Oscillation Monitoring Srmrrrnefenninnnnns sl
[ND7] i| T10 Power Plant Model Validation |
i 1| [RC16] : T12 FACTS devices, Energy storage,
T h I . N 5 0 B 0 : Redispatch, etc
ecnno Og 1es T8 FACTS devices, other oscillation —— " X : : [RC17]
A . T9 Oscillation trending displays 1| T11 PMU data 5
(T) damping technologies [RC15] 1 ro16 :
[RC14] i [RC16] :
A T AT H
BPA TIP 51 - Response Based
Voltage Stability Controls I Hub control I Power Flow models Dynamic Models for Wind Turbines and Models are under development by NREL,
- i i based on PMU Data availabili
R&D Pro grams [T2] (TRL-9) State Estimator for Power flow models BPA TIP 46 - Operations Real Time Wind Power Plants, NREL RCY v
[T4] Study Process Improvement (TRL-8) [RC9]
[ B
: Voltage Control System-Wide Voltage Control I--A-:_;---/F----_::-t--l----_-----_--------_--------_I Robust Adaptive Topology Control Scalable Real-time Decentralized
21 [OC10, OC14] = [g(':‘ge Ng‘g’ff FEGLENSY e | Wind Power Plant (WPP) to have speed governors | : (RATC), ARPA-E Volt VAR Control, ARPA-E

- Non-Existing R&D Programs
Operational Challenge - Operational & Technical Need - Required Capability - Technologies - Existing R&D Programs - (Gaps) - e
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Related Internal and External Projects

BPA Challenge

Lead Research
Organization

BPA
Sponsoring

Project Title & Project Description

The scale of wind
power developments
demands that wind
generation facilities
be able to exert
effective control
capabilityin response
to grid requirements
such as primary
speed-power control,
primary wltage
control, secondary
voltage control and
reactive power
management.

BPA PL:
Dmitry Kosterev

YES

TIP 51 - Response Based Voltage Stability Controls

This projectresearches all three types of controls (primary, secondary, emergency) will be considered. Primary
Voltage control — Response-based controls for fastreactive switching of 500-kV shunt capacitor banks in Portland
/ Salem area. Coordination reactive resources in Southern Oregon/Northern California area. Secondary Voltage
Controls — Reactive power managementto optimize voltage profile and to maximize reactive margins. Emergency
voltage controls — Low voltage shedding.

Key Results/Conclusions:

= A combination of model-based stabilityas sessment, measurement based tools and res ponse-based Remedial
Action Scheme (RAS) are needed to address wltage stabilitylimits.

= Operational tools: Several measurement-based tools have been researched and are currently in the prototype
phase.

= Response-based RAS: Wide-area control system is under the development. WACS will be deployed under the
synchro-phasor capital program. California-Oregon Intertie reactive coordination studies are in progress.

= Wind power plantvoltage controls: Voltage control requirements are developed. Secondary voltage control
studies are planned.

= Load-Induced voltage instability. Load models are developed by WECC. BPA did significantam ount of
equipmenttesting, model development and data preparation. Studies indicate thatthe Portland metro may be
at risk of voltage instabilitydue to air-conditioner stalling. The projectsupports the developmentofregulatory
framework which will have huge impacton the capital investmentneeds.

= Analysis tools: Tools for analysis of wind power plant voltage controls.

= Time-sequence power flow: Time-sequence powerflow capabilities in Power World and PSLF; also, the time
sequence for studying the im pact of wind ramp events on system voltage stability.
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BPA Challenge L(e)arlgal“\:]e;:t?(;(r:]h Spo%lzs)ﬁring Project Title & Project Description
TIP 46 — Operations Real Time Study Process Improvement
This projectuses the innovative operations studyprocessimprovementenvironmentto investigate options to
Syste_m wltage / reduce unnecessaryrisks and curtailments by accurately modeling near term system conditions for operations
reactive reserve study engineers following an unplanned outage or during extreme operating conditions. The study automation
changes due t fast system will be designed to assist BPA Systems Operations engineersto calculate a reliable system Operating
ggnn?/éﬁrt?oelsal. Limit (SOL) for real time operation of BPA's critical transmission paths such as the California Oregon Intertie
) (COI). The system will be builtaround PowerWorld’s Simulator power flow that is used dailyfor off-line studies.
methodologies and
study tqo_ls may not BPA PL: Key Results/Conclusions
be sufficient or fast Brian Tuck YES = Implemented distributed processing to use multiple CPUs to speed up system operating limit studies byup to
er_10_u_gh to accurately 1000%.
|n|t|ate: the type of = Improved the software efficiency of the automated system operating limit studies adding an additional 600%
reactive control speed improvement.
currently gleployed or = State estimator and custom software automaticallygenerate 100 cases a day.
may require accurate = State estimator based studies use real measurements for more accurate system studies.
systemﬁrcnot(jels o be = Implemented a power circuit breaker oriented power flow model to find hidden problems.
eliective. = Costsavings during unplanned line outage events impacting the northern intertie path (+$665K) and west of
Cascades north path (+$793K).
Dynamic Models for Wind Turbines and Wind Power Plants
The primaryobjective of the work proposed is to develop universal manufacturer-independentwind power plant
Proprietary Wind NREL PI: models that can be shared, used,_and improved withogtany restrictions b_yproject develqpers, manufact_urers,_and
Models Surya Santéso engineers. Each ofthese models includes representations of general turbine aerodynamics, the mechanical drive-
Models may not (University of Texas NO train, and the electrical characteristics ofthe generator and converter, as well as the control systems typically

accurately simulate
wind conditions.

Austin)
2008 - 2011

used. To determine how realistic model performance is, the performance of one of the models (doubly-fed
induction generator model) has been validated using real-world wind power plantdata. This work also documents
selected applications of these models.

http://www.nrel.gov/docs /fyl120sti/52780.pdf
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BPA Challenge

Lead Research
Organization

BPA
Sponsoring

Project Title & Project Description

System woltage /
reactive reserve
changes due to fast
wind ramps.
Conventional
methodologies and
study tools may not
be sufficient or fast
enough to accurately
initiate the type of
reactive control
currently deployed or
may require accurate
system models to be
effective

ARPA-E
California Institute of
Technology

NO

Scalable Real-time Decentralized Volt/VAR Control

Caltech is developing a distributed automation system that allows distributed generators—solar panels, wind
farms,thermal co-generation systems—to effectively manage their own power. To date, the main stumbling block
for distributed automation systems has been the inabilityto develop software that can handle more than 100,000
distributed generators and be implemented in real time. Caltech’s software could allow millions of generators to
self-manage through local sensing, com putation, and communication. Taken together, localized algorithms can
supportcertain global objectives, such as maintaining the balance of energysupplyand demand, regulating
voltage and frequency, and minimizing cost. An automated, grid-wide power control system would ease the
integration of renewable energysources like solar power into the grid by quickly transmitting powerwhen itis
created, eliminating the energy loss associated with the lack of renewable energystorage capacityof the grid.

Operating the system
in stressed conditions
increases the
probability of severe
contingencies or
chains of
contingencies thatare
not considered in
traditional system
security assessment.

ARPA-E
Texas Engineering
Experiment Station

(TEES)

NO

Robust Adaptive Topology Control (RATC)

The RATC research team is using topology control as a mechanismtoimprove system operations and manage
disruptions within the electric grid. The grid is subjectto interruption from cascading faults caused by extreme
operating conditions, malicious external attacks, and intermittent electricity generation from renewable energy
sources. The RATC system is capable of detecting, classifying, and responding to grid disturbances by
reconfiguring the grid in orderto maintain economically efficient operations while guaranteeing reliability. The
RATC system would help preventfuture power outages, which accountfor roughly$80 billion in losses for
businesses and consumers each year. Minimizing the time it takes for the grid to respond to expensive
interruptions will also make it easier to integrate intermittent renewable energysources into the grid.
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VIl. Changing Load Characteristics
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End Use (customer/utility) Devices Roadmap

Business and Technology Challenges

Changing characteristics of end-use devices are a critical business challenge for the BPA transmission system.

New products also need to include designs that support grid flexibility. Otherwise, we may face transmission voltage recovery delayed events such
as those caused by stalled air-conditioner compressors. Multiple faults induced delayed voltage recovery events occurred in Southern California
Edison’s desert regions during the peak air-conditioning period including a major incident which affected a 1000 square mile area in Riverside

County.

Therefore, BPA needs base-testing for load composition through new lab testing facilities. Grid friendly devices and better load management tools
that enhance the transmission system operation will contribute to this area. The facilities are also needed for automatic load control devices.
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R&D Gaps

Business and Technological Challenges which may be addressed by collaboration with others
1. Base-testing for load composition through new lab testing facilities

Business and Technological Challenges which are covered partially by existing R&D programs but still require further research and development:
1. New products also need to include designs that support grid flexibility

Business and Technological Challenges which are covered by commercialized technologies and products, however demonstration or confirmation

studies may be required:
= None
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Vil. Changing Load VII-1. End Use (Customer/Utility) Devices Technology BPA Transmission
Characteristics ROad map Technology Roadmap

2012 — 2015

BC1 Changing Load Characteristics: Changing shape of load profiles can have a huge effect on system stability. (S/M/L)

-
A

Business

Ch allenges BC2 End Use Electrical Product Design
(B C) Resistive consumer devices such as incandescent light bulbs and electric heaters adjust to voltage changes supporting grid flexibility. Compact
fluorescents and heat pumps are far less grid friendly. New products need to include designs that support grid flexibility. (L)

ND1 Base-testing for Load Compos?tion

Operational & 5

Technical Needs
(ND)

o " " :
RC1 New Lab Testing Facilities RC 2 Grid friendly devices and better load managem ent tools that
Req uired Need for new testing facilities for automatic load control devices. enhancethetransmission system operation
Capabilities
((®)
Technologies
(M)
BPA TIP 242 POWER ELECTRONIC LOAD Georgia Tech (Harley): DOE project on commercial and industrial BPA TIP 283 - Impact of Power Electronic
IMPACT ON THE GRID STABILITY (TIP-7) load identification using computation al intelligence techniques Loads on the Grid Stability (TRL-5)
R&D Pl’Og rams lowa State University (Dobson): Several load modeling projects in
thelast decade. Focuses on specific models of customer loads

Georgia Tech (Grijalva): Exploiting Emerging Data for Enhanced Load Modeling -
a PSERC project in collaboration with Northeastern University and lowa State.

Operational Challenge - Operational & Technical Need - Required Capability - Technologies - Existing R&D Programs E\IGo;p-SE)XBtlngR&DPrograms
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Related Internal and External Projects

BPA Challenge Lead Re.se"?‘mh BPA . Project Title & Project Description
Organization Sponsoring
Changing lowa State 1. Ongoing Research
characteristics of end- X ; Several load modeling projects in the lastdecade. Focus es on specific models of customer loads.
N University (lan
use device is another
o . Dobson) NO
critical business
challenge for the BPA
transmission system.
1. Ongoing Research
Exploiting Emerging Data for Enhanced Load Modeling - a PSERC projectin collaboration with Northeastern
University and lowa State.
Chanai - Projectincludes three levels: a) Dynamic state estimator and dynamic load identification for
anging L o - X .
-2 . . transmission, b) data mining aspects fordemand response using smart meters, and ¢) non-intrusive
characteristics of end- | Georgia Institute of . . e
o dynamic load identification
use device is another Technology h d
critical business (Dr. Santiago NO 2. Research Nee S o . .
. - Data acquisition in the next 2-3 years will 4 orders of magnitude the presentvolume. There has been
challenge for the BPA Grijalva) . " . ; h
t ot little research on "whatcan be done withthe emerging data" (PMU, IEDs, smart meters)
ransmission system. = . e : ;
- Very limited expertise on databases within the power communityand long learning curve for CS
communityregarding power needs
- very limited number of hybrid CS/power researchers
- Research on this areais very promising. Several National Labs are interested in partnering in this area.
Changing 1. Ongoing Research
characteristics ofend- | Georgia Institute of DOE project on commercial and industrial load identification using com putational intelligence techniques
use device is another Technology NO
critical business (Dr. Ronald G.
challenge for the BPA Harley)

transmission system.
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BPA Challenge L(e)arlgal“\:]e;:t?(;(r:]h Spo%lzs)ﬁring Project Title & Project Description
TIP 242 - Power Electronic Load Impact on the Grid Stability
The projectwill evaluate the impactof power electronic loads on the power system stability, specificallydynamic
voltage stability, damping of power oscillations, frequencycontrols. The projectwill look at a wide spectrum of
New products also power electronic loads, including Variable FrequencyDrives, consumer electronics, LED lighting, and Electric
need to include Vehicle Chargers. The projectwill help simulate, testand evaluate designs that can make these electronic loads
designs that support be friendly with respectto electrical power grid. The projectwill provide technical inputto a much larger DOE and
grid flexibility. BPA NERC efforts in addressing the power system stabilityimpactdue to increasing penetration of power electronic
Otherwise, we may . . loads, raising the awareness of the grid effects of electronic loads among the equipment manufacturers,and to
L Pl: Dmitry Kosterev 7
face transmission . YES supportthe developmentof the grid-friendlyend-use standards.
voltage recovery PZIO ievgo\ﬁsng
delayed events such ) Deliverables:
as those caused by = System impactstudy report (Stage Gate 1).
stalled air-conditioner = Testreports for power electronic end-uses (Stage Gate 2).
compressors. = Simulation models of power electronic end-uses and their controls (Stage Gate 3).
= Feasibilityreport of modifying power electronic characteristics.
= Reportevaluating the applicabilityof the grid-friendly power electronic devices.
= Presentation materials for DOE, NERC and manufacturing organizations
TIP 283 - Impact of Power Electronic Loads on the Grid Stability
The projectwill evaluate the impactof power electronic loads on the power system stability, specificallydynamic
voltage stability, damping of power oscillations, frequencycontrols. The projectwill look at a wide spectrum of
power electronic loads, including Variable FrequencyDrives in (VFD-driven heat pumps,fans, cooling water
Changing circulation pumps, etc), consumer electronics, and Electric Vehicle Chargers. The projectwill help simulate, test
characteristics of end- BPA PM: and evaluate designs that can make these electronic loads be friendlywith respectto electrical power grid.
use device is another ’
critical business Steve Yang YES Deliverables:
2012 - 2016 '

challenge for the BPA
transmission system.

= System impactstudy report as described in Task 1 (Stage Gate 1)

= Testreports for power electronic end-uses as described in Task 2 (Stage Gate 2)

= Simulation models of power electronic end-uses and their controls as described in Task 3 (Stage Gate 3)
= Feasibilityreport of modifying power electronic characteristics

= Reportevaluating the applicabilityof the grid-friendlypower electronic devices

= Presentation materials for DOE, NERC and manufacturing organizations
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VIIl. Asset Management & Innovation
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Equipment Replacement and Upgrade Roadmap

Business and Technology Challenges

BPA's aging infrastructure requires equipment replacement & upgrade projects which are a large investment and present BPA several business
challenges and operational challenges. New standards (ISC 6180) are driving major changes in equipments.

Business Challenges:

e Projects should enhance the economic, environmental and operational value of the transmission system in order to support the load growth
and marketing needs of our transmission customers
Increased capacity of the transmission system without large capital investment while, increasing transmission’s transfer capabilities
Preserving transmission capacity inventory while performing maintenance on the grid
Maximize the value from existing infrastructure
Operate the power system adequately and reliably with aging assets of the federal power and transmission system in need of substantial
maintenance, replacement or upgrades
Asset management tools and data quality are needed for effective asset management decision plans
Change practices to leverage new technologies to reduce maintenance e.g. new equipment may require less or no maintenance

Operational Challenges:

¢ Changing system dynamics due to wind integration affects equipment e.g. some breakers are not adequately sized
Impact of equipment replacement/upgrades on the system
Lack of awareness of steel line damage or conditions can result in emergency replacements

More effective use of software systems (passport cascade limitations and compatibility); data sets for asset management not complete, not
automated; All require too much human labor for AM plans and trending performance

Faster state estimation calculations also require more frequent updates of status of switches and devices in the field.

T-line replacements of components while the T-line is operational

Quick assessmentfilter reduce complexity of roadmap for quick assessment of applications of new innovations, methods, and equipment
Establish guidelines when to replace/upgrade vs. monitor and/or repair

Current AM software lacks needed functions and compatibility to produce many automated processes

BONNEVILLE POWER ADMINISTRATION - TRANSMISSION TECHNOLOGY ROADMAP W 119



R&D Gaps

Business and Technological Challenges which are not addressed by existing R&D programs:
1. Transformer life extension
= Develop methods for transformer life extension
2. Measure (and correct) high temperature transmission SAG, pull out SAG (NOTE “slack sucker” evaluation)

Business and Technological Challenges which are covered partially by existing R&D programs but still require further research and development:
1. Improve technology of barehanded maintenance and live line techniques improvement
2. Worksite surge protection
= Evaluate the use of localized (work site) use of surge arrestors and portable protective gaps
3. Transformer assessment
= Develop methods for transformer life assessment
4. HVDC Investigate
= HVDC possibility for existing AC lines
5. New Sensors: New sensors can provide better system and equipment performance.

Business and Technological Challenges which are covered by commercialized technologies and products, however demonstration or confirmation
studies may be required:
= None
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VIll. Asset Management & Vlll_l EqUIpment Replacement & Upgrade BPA Transmission

Innovation TeChnOlogy Roadmap . 1/2 Technology Roadmap
2013 — 2016

4 BC1 Enhance Transmission System to Support BC2 Increase Transmission Capacity: . BC3 Preserve Transmission Capacity & Reliability BC 4 Maximize Value of Existing
4 Customer Needs: BPA should enhance the economic, Increase capacity of the transmission : during Maintenance Operations: Performing Infrastructure: Maximize value by making
1 4 environmental and operational value of the transmission system without extensive capital investment. : maintenance on the grid introduces operational . .
usiness = g ! . o appropriate investments that enhance,
3 system in order to support the load growth and marketing Increase transmission transfer capabilities : constraints. Growing demand makes attaining outages extend or increase capacity of existing
Chall enges q needs of our transmission customers and control of power flows. . difficult. TR,
i i OCH4 Insufficient Knowledge of Infrastructure

OC1Changing system dynamics fnowledg OC11 Hot Line Maintenance: OC13 Asset Management Decision Process
due to wind integration affects Status and Conditions: Lack of awareness o the | o T Defin nditions that describe when o reol v
breakers which may not be condition of steel lines, substation components and Replace Transmission line components SE CEnL o e Wi W [EFPEES U3
adequately sized [BC1, BC2] the can lead to expensive emergency replacements. while the line is operational.[BC3, BC8] upgrade vs monitor vs repair, and set priorities

Faster calculations for state estimation requires given available funding. [BC4, BCS, BC6]

more frequent updating of the status of switches
and devices in the field.[BC3, BC6]

- N — :
ND4 State estimator should have the ability to : | ND5 Monitoring ability: BPA needs to understand what ND6 Maximize equipment load-
Operational & identify which disconnects are open based on ¢ |instrumentation and locations must be monitored and consider the ability line and substation
p the line flows. [OC4,0C6] cost o bringing additional wiring into stations to do this. [OC11, OC13]
Technical Needs i [locs, oc2 oc1]

(ND)

g
RC2 Condition assessment RC4 Assess limits of equipment RC3 Control of temporary over voltages
Req u | red We need to know the condition of critical Assessment of applicable limits for equipment via standards, Clearances are based onthe maximum temporary over voltage. If
.. asset life, optimize maintenan ce, and replace ultimate material limits, loss of life implications, increased we reduce TOV it might enable live line and barehanded
Capabl HES it before it fails. [ND4, ND5, ND6] maintenance requirements etc. [ND5, ND6] maintenance.
» [ND5]

(RC)

T1Transformer life extension ‘é3\1V0rk ;ite surgfel proltec;ion K si p T5 Transformer assessment T2 !mprove techch)_Iog)I/_ of barﬁhgnded L?/E'\éDC |f‘_\t;1e_5ti€fJate sti
. Dewelop methods for transformer life valuate the use oflocalized (work site) use o Develop methods for ransformer maintenance and live line techniques C possibility for existing
Tech n0|Og ies extension. [RC2, RC4] surge arrestors and portable protective gaps. life assessment. [RC4] improvement. [RC3] AClines. [RC3]
. [RC1, RC4]
(T) T4 Measure (and correct) high temperature transmission
SAG, pull out SAG (NOTE “slack sucker” evaluation) . [
RC3]
LLJnde(r:grou'Ei Llnoe -‘H|ghly MuLtlpIexfed, DC LINE - Nanoclay Reinforced Ethylene- BPA TIP 279_PowerWorld Implementation Strategic Program -
UO\g' est Ideg brlJtlcCends_(:_r R LT Propylene-Rubber for Low-Cost HVDC of a Full-Topology and Generalized State Sensors and Operations
Mn n?trgrrionun el (Gl el Cabling Estimation (TRL-7) Transmission Line Robots %
Dr? Ra?vi Sg. Gorur. ASU GE Global Research EPRI Integrated Asset Management: A decision
: -Fi i i king tool for asset condition monitoring,
R&D Programs TIP 23c - Field Trial of Aluminum - : mal t ¢ I 1 fin —
9 BPA TIP 23 - EPRI Program 35 Overhead | [TIP 23b - PRI TC: Daytime Discharge Conductor Composite Core (ACCC) BPATIP 278 - Transformer Bushing diagnosis, prognosis and financial decision BPA addition of
Transmission (TRL-5) Inspection Interest Group (TIP-9) Carbon-Fiber Core and Aluminum Performance (TRL-7) making. 715kv infrastructure
Conductor Steel Supported HS285 - —
BPA TIP 249 - IMPROVED MONITORING AND ASSESSMENT OF (ACSS HS 285) Ultra-High Strength BPA TIP 291 - Substation Seismic Evaluation of RTV Coated Station
POWER SYSTEM OPERATIONS AND EQUIPMENT (TIP-6) Conductors (TRL-8) Performance (TRL-4) Insulators (T-46G), PSERC

- Non-Existing R&D Programs
Operational Challenge - Operational & Technical Need - Required Capability - Technologies - Existing R&D Programs - (Gaps) - e
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VIII-1. Equipment Replacement & Upgrade
Technology Roadmap — 2/2

BPA Transmission
Technology Roadmap

VIll. Asset Management &
Innovation

BC 8 New Maintenance Technologies: Identify opportunities to
: leverage new technologies and change practices to reduce

! maintenance (i.e. new technology/equipment may require less or
no maintenance; introducing diagnostics may shorter life/lesson
reliability

BC5 Reliably Operate and Maintain an Aging
System: Operate the power system adequately and
reliably with aging assets of the federal power and
transmission system in need of substantial
maintenance, replace ment or upgrades.

BC 6 Asset Management Tools and Asset Data
Quality: Improved asset data quality is needed to develop
more effective asset management decision plans

Business
Challenges
(:10)

& S G AT TR O SR G OC2 New communication system capabilities OC11 Hot Line Maintenance:

Operational &

Current software has too many limitations and
compatibility issues; data sets for asset mngmt are not
complete and are not automated; Current software
requires too much human labor for developing Asset
Mngmtplans and trending performance.

[BC5,BC6]

OC13 Asset Management Decision Process
Define conditions that describe when to replace vs
upgrade vs monitor vs repair, and set priorities
given available funding.

[BC4, BC5, BC6]

ND4 State estimator should have the ability to
identify which disconnects are open based on

ND3 Integrated IT systems that can perform full
lifecycle management of transmission assets

New digital monitoring and security equipment being
deployed in the field requires greater capabilities from

communications systems
[BC6, BC8]

ND2 The communication system needs
to have greatly expanded bandwidth to
handle large amounts of data provided
by new devices and equipment

ND1 Need to accelerate the upgrade
of analog communication equipment
todigital standards

Replace Transmission line components
while the line is operational.
[BC3, BC8]

theline flows. [OC4,0C6] [OCé]

[ocz

Technical Needs
(ND)

[oc2]

RC1 Substation automation
Need for capability for substation automation
providing inputs and algorithms for

RC6 Undergoing Assessment: Software
programs are currently being assessed as
partof the IPPl and Asset Management

RC5 NERC-CIP Compliance
All new communications equipment must
comply with NERC-CIP standards.

Required

Capabi | |t| es programs implementing new technologies. [ND1, ND2]
(RC) [ND3] [ND2, ND3]
. - - T7 OMET Supports additional bandwidth
T3 Work site surge protection . -
TeC h n OI 0 g 1es Evaluate the use of localized (work site) use o surge arrestors for SCADA, Smart grid applications,
(T) and portable protective gaps. [RC1, RC4] SHABATE AL (X, Vi) i
: : operational uses. [RC5]

BPA Transmission Asset Management
TAS/Maintenance Management/Strategy

BPA Transmission Asset Management

| - BPA Transmission Asset Management
TAS Lines project (O&M)

Maintenance Management process

R&D Programs

BPA Transmission Asset Management

BPA Transmission Asset Management
Strategy/Program Management

TAS and Asset Portfolio Management

BPA Transmission Asset Managem ent
TAS (O&M)

BPA Transmission Asset Management
Asset Portfolio Management

- Non-Existing R&D Programs
Operational Challenge - Operational & Technical Need - Required Capability - Technologies - Existing R&D Programs - (Gaps) - e
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Related Internal and External Projects

BPA Challenge Lead Re.se"?‘mh BPA . Project Title & Project Description
Organization Sponsoring
TIP 23 - EPRI Program 35 Overhead Transmission
Ins ufficient knowledge EPRI's Overhe_ad Transmission Prqgram offe_rs a port_folio of produc_tg and te_chnologies tocut O&M cgsts, reduce
of life expectancy or capital expenditures for new/ refurbished eq U|pm_ent, improve rell_ablllty, an_d improve safety. Projects in the
condition of many EPRI program also addressthe related areas of extending equipmentlife, ensuring health and safetyfor workers, &
. reducing impacts on the environment.
substation
components M:?(Z’A\Sltgal\g-ts YES Key Results/Conclusions: .
Maximize the value Richard Becke * Value assessments of bot_h P35 and P37 programs and TC projects. o
from existing 2012 . Ad_ded SME prOJectoverS|ght plans apart of ourmanagem entof EPRI _prolectmvolvem ent.
infrastructure * Trip reports that |nclude_ assessing currentprojectvalue and documenting other opportunities.
* Added one new TC projectto P35.
« Added two new TC projects to P37.
« Partnering with TI staff in efforts to obtain value metrics from EPRI for its projects and deliverables.
TIP 23b - PRI TC: Daytime Discharge Inspection Interest Group
The Daytime Discharge Inspection Interest Group was initiated in 2007 to help the industry maximize the use of
Change practices to EPRI PI: Daylight UV camera technologyfor inspection and maintenance of the power network. An ongoing challenge is the
leverage new Fabio Boloéna improved understanding and diagnosis ofthe visualimages taken from the camera by developing training material
technologies to and undertaking fundamental research on UV & IR inspection.
reduce maintenance BPA PM: YES
e.g. new equipment Tyler Ashburn Key Results/Conclusions: _
may require less or no 2011 * Researched Inspection of Damaged Porcelain Insulators
maintenance » Developed Level 1 Inspector Standards Training Material
» Updated Field Guide including embedded videos
« Educational Slide Show, Meeting/Workshop (Hosted at EPRI’s HV Lab in Lenox)
Change practices to TIP 23c - Feld Trial of Aluminum Conductor Composite C_ore (ACCC) Carbon-Fber Core and Aluminum
leverage new EPRI Co_nductor Steel _Supported HS285 (ACSS HS 285) UItra—ngh_ Strength Conductors
technologies to This research projectseeks .to provide |nform§1t|on on Fhe oper.a.tlonal performance pfACCC (CTC) and A(;SS
reduce maintenance BPA PM: YES H828_5 under extreme electrical an_d mechanical loading condltlon_s t_hrou gh approxim atelythree years of field
e.g. new equipment Tyler %hbﬁrn e>_<per|ence.The _two (_:onductors will be strung for two spans con5|s§|ng of approxim ately 780 f_eet. Egch cc_)nductor
el . will have two splices installed and two dead-end hardware assemblies. The anticipated benefits of this project
may require less or no 2012 - 2014

maintenance

include a better understanding of the two subjectconductors, as well as more informationto use in the evaluation
of advantages and disadvantages of using these advanced conductors on BPA's system.
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BPA Challenge L(e)arlgal“\:]e;:t?(;(r:]h Spo%lzs)ﬁring Project Title & Project Description
TIP 278 - Transformer Bushing Performance
The purpose of this projectis to investigate the failure modes of older transformer bushings and mitigation options
for the BPA power grid. Worldwide earthquake performance of older transformer bushings has demonstrated the
extreme wulnerability, with many failures and significantloss of transformer capacity. The performance of the BPA
power grid is im portantto maintain areliable supplyof energy. Without a reliable power grid the research
Insufficientknowledge performed underthe TI Road Map preferential topics would notbe accessible. Therefore this research indirectly
of life expectancy or BPA PM: supports the FY13 Tl Road Map preferential topics.
condition of many Leon Kempner YES
substation 2012-2013 Deliverables:
components The research will use static pull tests on selected surplus bushing to investigate the failure modes and to
determine the effectiveness of retainer ring designs. The final retainerring designs will then be tested in a
simulated earthquake using shake table testing. The resulting productwill be a retainerring that can be installed
on exiting transformer bushings.
= Retainerring design(s)
= Project researchreports
TIP 249 - Improved Monitoring and Assessment of Power System Operations and Equipment
This projectdemonstrates a costeffective monitoring solution delivering accurate, reliable information — supporting
Asset mana a wide range of predictive analyses and faultdetection — enabling improvements in the data em ployed for
gement o - L . g
tools and data quality appllgatlons f_rom_ phasor measurementto asset maintenance to p_rovldln_g the information necessaryto thg _
effective application of power electronics, helping toimprove service delivery, assetlongevity and productivity.
are needed for ; : - . Y . .
effective asset Usmg optical sensors developed bythe United States Navy and licensed by SSC, the monltorlng solutlpn delivers
. continuous, highlyaccurate measurements oftemperature, pressure, current, voltage and material strain.
managementdecision
lans BPA PM: .
P Scott Lissit YES Deliverables:

Establish guidelines
when to
replace/upgrade vs.
monitor and/or repair

= Establish viabilityof equipment/operations in HV Lab, Ross TestFacilities, and if approved at two “linked”
substations.

Should resultin:

= Higherlevels of accuracy, in actual field operations, than thos e achieved by other monitoring techniques.

= More detailed historic database, both at point of operations and atcentral monitoring and control locations.

= More detailed real time data.

= Long term price/performance advantage.

= Demonstration of technological robustness.
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Lead Research BPA . . . .
BPA Challenge Organization Sponsoring Project Title & Project Description
TIP 279 - Implementation of a Full-Topology, Robust, and Generalized State Estimator
The goal of this projectis to create a state estimator which overcomes this limitation by meeting two major
objectives as follows: 1. Must include integrated topology error detection, 2. Must operate on a single power
Faster state system model representing the full-topology
estimation PowerWorld
calculations also Deliverables:
require more frequent BPA PM: YES = A PowerWorld Simulator/Retriever version that includes an orthogonal factorization builton QR factorizations
updates of status of Gordon Matthews using givens rotations
switches and devices 2012 - 2013 = A PowerWorld Simulator/Retriever version that includes expanded state estimation algorithms to utilize full-
in the field. topology Models
= A PowerWorld Simulator/Retriever version that includes full implementation of topology error detectionin the
full-topology framework
= Afinal report detailing the completed tasks and the updated software
Insufficientknowledge TIP 291 - Substation Seismic Performance
of life expectancy or The purpose ofthis projectis to investigate the seismic performance of BPA existing substation designs. This
condition of many projectwill analyze typical 115kV, 230kV, and 500kV substation bayconfigurations. The seismic winerability of
substation existing installations will be determined and selected mitigation options will be evaluated. Mitigation options could
components BPA PM: include new design standards for equipment replacementand/or supplemental damping devices. One damping
. L device that will be included was developed undera separate Tl research project. This projectis significantfor
Mike Riley YES - ) A ) L I \ L
Asset management 2012 - 2014 establishing available mitigation options to reduce the seismic wlnerabilityof BPA's legacy transmission system.
tools and data quality
are needed for Deliverables:
effective asset The deliverables for this projectare substation bayconfiguration models of three different substations, with a final
management decision report, and a full-scale, three-dimensional seismic table verification testing final report.
plans
. Underground Line - Highly Multiplexed, Low-Cost Fber-Optic Sensor Array for Underground Cables
Change practices to L o
leverage new Dr. Ravi S. Gorur Condition Momto_nng . .
technologies to ASU ' NO Dr. Gorur of ASU is developing a system to monitor underground cables. Underground cables represent up 20% of
9 distribution linesin the US. These cables do not all age uniformlyand unnecessarilyreplacing cables could waste
reduce maintenance o . ) ; .
millions of dollars. This system would help find faults in the cables for selective replacement.
. DC LINE - Nanoclay Reinforced Ethylene-Propylene-Rubber for Low-Cost HVDC Cabling
Change practices to : . - . X : 7 o
GE is developing new, low-costinsulation for high-voltage direct current (HVDC) electricity transmission cables.
leverage new GE Global : . SO . T - ;
. NO GE is embedding nanomaterials into specialtyrubberto create its insulation. Notonly are these materials less
technologies to Research

reduce maintenance

expensive than those used in conventional HVYDC insulation, butalso they will help suppress excess charge
accumulation.
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Lead Research BPA

BPA Challenge Organization Sponsoring

Project Title & Project Description

Change practices to Sensors and Robots
leverage new Equipmentis aging and maintenance budgets are shrinking. Inresponse to these challenges, sensors and robots
technologies to have emerged as key tools in the move to a smarter transmission grid.
reduce maintenance

Preserving EPRI NO
transmission capacity
inventory while
performing
maintenance on the
grid

Change practices to Evaluation of RTV Coated Station Insulators (T-46G)
leverage new PSERC NO Evaluate and quantify the performance of RTV-coated porcelain insulators when com pared with uncoated
technologies to porcelain and com posite insulators.
reduce maintenance
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Extreme Event Hardening Roadmap

Business and Technology Challenges

The agency’s critical transmission assets, services and functions can be disrupted because of extreme events resulting in regional economic
hardship, threats to regional health and safety, and significant restoration costs. BPA is challenged to enhance future grid reliability, interoperability
and extreme event protection for increasingly complex system operation. New technologies are expected to enhance resilience of the bulk electric
system and physical protection of critical individual assets.

Operational challenge is to prepare systems and operational practices for each extreme event including seismic events, volcano eruptions, extreme
weather, forest fires (vegetation management), landslides, sabotage/terrorism, and extreme Geo-magnetically induced current events.

Operational and technical needs are:
= GIC extreme event: there is no valid model for (a) transformer heating/failure, (b) transformer test — Model increased VARS, and (c) relay
mal-operation due to harmonics.
= Improve resiliency of power system to seismic events.
= Coordination with transmission operations.
= Transmission structures seismic vulnerability.
= Document historical incidents to define critical measurement and prioritization of enhancements.
= Define critical and non-critical asset.
= Interaction with outside agencies from outside the affected area for communications.
= Develop adequate response plans for extreme events.
= After event monitoring: identify measurements necessary to protect or monitor after extreme event
= Enable people to continue working (or work) after an event. Communication — technical and personal
» Black start: facilitate black starts (first generator to come online after black-out)
» Having timely access to materials and expertise necessary for restoration of the power system.
= Training (drills) for extreme events
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R&D Gaps

Business and Technological Challenges which are not addressed by existing R&D programs:
1. Seismic affects of rigid and flexible bus on cable terminations
2. 500 kv disconnect switch with grounding switch, qualification at 1.0g event.

Business and Technological Challenges which are covered partially by existing R&D programs but still require further research and development:
1. Transmission Pole Seismic Design Standards
2. Restoration Modeling
= Modeling of events and scenarios for restoration
3. Temperature Sensors (lines and equipment) and Sag Sensors
= Measurements following reconfiguration due to extreme events
4. Improve technology of barehanded maintenance and live line techniques improvement

Business and Technological Challenges which are covered by commercialized technologies and products, however demonstration or confirmation
studies may be required:
= None
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BPA Transmission
Technology Roadmap

VIIl. Asset Management &
Innovation

VIII-2. Extreme Event Hardening -1/2

2013 — 2016

BC2 Enhance future grid reliability, interoperability and extreme
event protection forincreasingly complex system operation

(BC)

BC1 Reduce risk of extended disruptions of the Agency’s critical transmission assets, IBCS Enhance resilience of the bulk electric system I IBC5 Reduce systems restoration time |

. services and functions due to extreme events resulting in regional economic hardship, :
Business threats to regional health and safety, and significant restoration costs. I BC4 Physical protection of critical individual assets I I BC6 Safety - Prevent loss of life and injury I
Challenges :

OC1 Extreme Event Preparation
Extreme events that we should prepare for include Seismic events, Volcano eruptions (ash, lahar), Extreme weather, Forest fires (vegetation mgmt), Landslides,
Sabatage/terrorism, Extreme Geo-magnetically induced current events, and others. [BC1-6]

...................................................................................................... B B B
| bR R e bt bl b e e el e b e e e g e e i e e 1
1 I I
ND1 GIC Extreme Event ) } | * | ND4 Transmission structures ND2 Improve resiliency of power I 1
Novalid models for (a) Transformer heating/failure; (b) transformer test— 11 | seismic vulnerability. [OC1] : system to seismic events. [OC1] i I
Model increased VARS (c ) Relay misoperation due to harmonics. [OC1] | A Y'Y Z I
L i iR i [Pt e bbb et b e b e 1
| A 1
Op erational & ND6 Define critical and ND8 Develop adequate response | ND12 Having timely access to materials and 1
. non-critical asset [OC1] plans for extreme events [OC1] 1 expertise necessary for restoration of the 1
Technical Needs : I power system. [OC1] :
Voo I . % 909 00 0 A 8 B0 A% 0 Y 0 A A N A A R il ARLLECLLLIEELCEEY SYCEEIR LT LEIE L 1
(ND) A e = = = ol = = = e = e = e e ==
3 U r-]"-';)-l--'"""-"'l ------- (; ----------------- E sasmmimEmEy l ............................................................................. -
T . @ - - RC7 The ability to evaluate design s : T i ieai .
Required i |RC3Have adequate assessment RC6 Hardening of equipment and and test materials to ensure that i RGO Transmission Polo RCB Ability to build transmission :
HHH : bilities f ing facili system to improve ability to withstand - . B S > lines that are resistant to conductor 8
Capab|||t| es : | capabilities for assessing facility they will operate during extreme : Seismic Capacity. [ND4] loping IND4 :
| vulnerability. [ND1, ND4, ND6, NDg] extreme events. [ND2, ND4] events. [ND2, ND4, ND12] i galloping [ND4]
£ 7'y : £
W A L NN NN NN IR RN I E NN NN NI NN NI NN E NN NN NN NN N NN RN RN [ECLEILLLLI]
__________________________________________________________________________ BN e e aar s inar :
: o : T3Base Isolation and
T4 Icing : T1 Design T6 Transmission Pole Seismic : supplemental damping
. ) : q s q q £ Design for prevention of destruction from Design Standards. [RC9 L [RC9, RC8]
Tech n0|og ies T9 Restoration Modeling E Anti icing technology for lines , towers, and insulators. [RC6] : | extreme evenss. [RC3, RC6, RCT] g [RC9] :
( ) Modeling of events and scenarios : i H
for restoration [RC3] |T7 Contamination resistant insulators [RC6] I 15 Sensors T2 Seismic Qualification :
: : - - RCY ;
S eveeesineteiam e et e eaee b sn e e ees s me s sn e s e snsncemesasensnmneremaiend | § | TEMperature sensors (lines and equipment), Sag [RC9] E
: | sensors. Measurements following reconfiguration | I faiuc.icicsicisiemsimsie e ;
: | due to extreme events. [RC3, RC6, RC7]
R&D Prog rams BPA TIP25a- EPR TC: Seismic Studies of | Conductor/Connector Sensor, EPRI | Seismic affects of rigid and flexible 500 kv disconnect switch with grounding

Substation Equipment — 2011 (TRL-5) switch, qualification at 1.0g event.

bus on cable terminations

BPA TIP 156 High-Voltage Power Transformer Base
I Isolation Technology & Implementation (TIP-5)

|Overhead Transmission - Program 35 (2011-2013), EPRI

Non-Existing R&D Programs

Operational Challenge - Operational & Technical Need - Required Capability - Technologies - Existing R&D Programs - (Gaps)
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BPA Transmission

[ Aseet Management & VIlI-2. Extreme Event Hardening -2/2 e hnology Roatman

BC1 Reduce risk of extended disruptions of the Agency’s critical transmission assets, |BC3 Enhance resilience of the bulk electric system | |BCS Reduce systems restoration time I
. = | services and functions due to extreme events resulting in regional economic hardship, 2
Business ¢ |threats to regional health and safety, and significant restoration costs. IBC4 Physical protection of critical individual assets l |BCG Safety - Prevent loss of life and injury I

Challenges
g BC2 Enhance future grid reliability, interoperability and extreme
(B C) £ event protection forincreasingly complex system operation

OC1 Extreme Event Preparation
Extreme events that we should prepare for include Seismic events, Vdcano eruptions (ash, lahar), Extreme weather, Forest fires (vegetation mgmt), Landslides,
Sabotagetterrorism, Extreme Geo-magnetically induced current events, and others. [BC1-6]

ettt i ot e i e el el ol et e e e eyt pe et ettt e e e
ND1 GIC Extreme Event | ND3 Coordination with
| No valid models for (a) Transformer heating/failure; (b) transformer test — Model increased VARS Transmission Operations. [OC1]
I (c) Relay misoperation due to harmonics. [OC1] I - - - - -
________________ ND7 Interaction with outside agencies from outside
I £ I - - - I the affected area for communications. [OC1]
Operat'onal & PR R D A D e T B A B S L B P P LA PO PO PR LODTE PR ) L Jeeinanninmnninmnninnnninmn i nmn i mn s nnnn LA ND12 Having timely access to materials I
Techni | N d NDS '?““".‘?“‘ historical .in_ci_deryts ND6 D_e_fine critical and | ; ND8 Develop adequate response Pl ﬁ??h‘e;(pfx;es ntsatcee;sa[ré(fﬁ]r restoration ND13 Training (drills) for extreme
ecnnica eeds : | todefine critical meas., prioritization non-critical asset [OC1] I | plans for extreme events [OC1] I p y . I events. [OC1]
(ND) ¢ | of enhancements. [OC1] |_I___________|_____________
: B T rT T P
ND9 After Event Monitoring ND10 Enable people to continue == e e — - ——— .: _____________________________
Identify measurements necessary to working (or work) after an event. | o el i |
protect or monitor &fter extreme event. Communication —technical and 3 11 pagilitate black starts s e | ND2 Improve resiliency of power 1
. : i i g systemto seismic events.
: [oc personal). [OCY] : | I} come online after black-out) [OC1] I oc1 :
; I 2 1 i R R ] B R e g R S
Required T P + Y
g, . I R T TR P E R b e T o
Capabilities l
(RC) RC1 Have appropriate standards RC4 Have tools for evaluating RC5 Operational Reaction Capability to Solar Hare RC2 Have sufficient equipment

for extreme event performance of Events

benefit of mitigation options spares available for extreme events

facilities and equipment Capability to pratect hardware from solar flares events by

s s ) s 2 taking them off-line. s b !
ND5, ND6, ND8, ND9, ND10 1M, N o) king them off-line. [ND1, ND8, ND12 [0, 1L DA4]
Technologies
( ) T8 Restoration design, methods, T10 Develop Plan for restoration
industry standards after extreme events
[RC1, RC5, RC7] [RC1,RC2, RC4 ]
BPA TIP 25a - EPRI TC: Seismic Studies of
R&D Programs Substation Equipment — 2011 (TRL-5) Seismic affects of rigid and flexible 500 kv disconnect switch with grounding
bus on cable terminations switch, qualification at 1.0g event.

IConductor/Connector Sensor, EPRI |

BPA TIP 156 High-Voltage Power Transformer Base
I Isolation Technology & Implementation (TIP-5)

IOverhead Transmission - Program 35 (2011-2013), EPRI

perational enge perationa echnical Nee equired Capability echnologies xisting rograms .
Operational Chall Operational & Technical Need Required Capabili Technologi Existing R&D P (NGOE{‘pSE)X'S“”gR&DPrngamS
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Related Internal and External Projects

BPA Challenge Lead R‘?Se"?‘mh BPA . Project Title & Project Description
Organization Sponsoring
TIP 156: High-Voltage Power Transformer Base Isolation Technology & Implementation
This projectdemonstrated that exiting base isolation technologycan be designed to protect high voltage
transformers. A simplified design procedure was develop for design of high voltage trans mis sion applications
Researchresultshave been shared with the IEEE 693 Seismic Design Standard and presentations made to
numerous utilities. Demonstration projecthas been developed forim plementation of a base isolation design on two
of BPA's high voltage transformers
MCEER PI:
Prepare systems and Dr. A Reinhorn Key Results/Conclusions:
operational practices YES = Implementation of design procedures and tools thatenable evaluation and further use of protective
for each extreme BPA PM: technologies
events Leon Kempner = |dentify limitations of base isolation systems, which require innovative solutions
2010 - 2012 = |dentify utilities to participate in implementing base isolation of transformers and other equipment
= |dentify equipmentand sites; selectbase isolation solution from the methods researched
= Designandimplementa protective solution including equipment, connectors to firstconductor support,in-situ
= Develop plans for instrumentation and monitoring of demonstration installation(s)
= Provide guidance to BPA engineers with design or selection of off-the-shelf solutions (instrumentation,
protection, and monitoring)
= Provide guidance for monitoring and proces sing of demonstration installation(s)
TIP 25a- EPRI TC: Seismic Studies of Substation Equipment — 2011
EPRI will selectthe item(s) of equipmentthatis (are) to be tested for each year. EPRI establis hes equipment
supportstructure specifications and vibration testrequirements, electrical equipmentspecifications, and test
specifications. EPRIwill select a vibration testing facility (and electrical testing laboratory, if required) to perform
Prepare systems and . .
: . . tests and EPRI draws a contract for laboratory services. The manufacturer and the testing laboratory prepare
operational practices EPRI PL: qualification documentation for the equipmentthatis qualified following IEEE 693 requirements
for each extreme Dr. Ashel Schiff
events ) YES Key Results/Conclusions:
BPA PM: Leon o . .
. - Acceptance Criteria for Qualifying Hollow-Core Composites
Improve resiliency of Kempner Jr. - Qualifying Components with ComplexGeometry, Non-Linear Response, or Non-Measureable Failure Modes
power system to 2009 - 2012 ' '

seismic events

- Sine Beat TestProcedure

- Table Impulse to Excite Equipmenton Shake Table

- New Procedure for Qualifying Transformer-Bushing Systems

- Orientation of EquipmentModes of Vibration can cause Under-or Over-Testing
- Curve Fitting to estimate Damping and Frequencyin the Time Domain

BONNEVILLE POWER ADMINISTRATION - TRANSMISSION TECHNOLOGY ROADMAP W 131




Lead Research BPA

BPA Challenge Project Title & Project Description

Organization Sponsoring
After event Conductor/Connector Sensor
monitoring: identify This projectis developing and demonstrating low-costRF sensors to assess conductors and com pression
measurements EPRI NO connectors on overhead transmission lines. The sensors measure the following parameters: Temperature,
necessary to protect Current, Three axes of inclination, Vibrationin three axes (see the projectsummaryfor the Vibration Sensor Suite)

or monitor after
extreme event
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